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PRELIMINARY AMENDMENT 
Prior to examination, please amend the application as follows: 

Q In the claims : 

p Cancel claims 4 and 44 (second occurrence). 

yi Please amend claim 7: 

C3 (Amended) A polynucleotide encoding the polypeptide of claim 3 . 

i:. . 
as t 

m Add claims 50-53. 

m -50. The method of claim 43, wherein said protein is secreted. 

5 L A polynucleotide encoding the polypeptide of claim 1 . 

52. A polynucleotide encoding the polypeptide of claim 2. 

53. A pharmaceutical formulation comprising an isolated polypeptide selected 
from the group consisting of GYRQRLE, EYRYRSV, GQRARIS, and QARRRQS.-- 
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Version with markings to show changes made 

In the claims: 

Claims 4 and 44 (second occim-ence) have been cancelled. 
Claim 7 has been amended as follows: 

7. (Amended) A polynucleotide encoding the polypeptide of claim[s 1, 2 

or] 3. 
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CFTR POLYPEPTTOES, FRAGMENTS THEREOF AND METHODS OF USE 
TO OVERCOME BIOSYNTHETIC MISPROCESSING 

STATFrMFNT AS TO FF.DER ATJ.Y SPONSORED RESEARCH 

This invention was made with Government support awarded by the National 
Institutes of Health. The Government may have certain rights in the invention* 

BACKGROTIND OF THF, TNVFiNTTON 

The invention relates to biosynthetic maturation of ceil surfece polypeptides 
and, more specifically, to particular CFTR polypeptides which exhibit increased 
transport to the cell surface and tripeptide amino acid sequences that promote or 
enhance transport of export-incompetent CFTR to the cell surface. 

Large multidomain and muitisubunit proteins are assembled into their native 
tertiary and quaternary structures, respectively, in the endoplasmic reticulum (ER)- If 
this assembly is imperfect because of mutations or for other reasons, the aberrant 
protein is targeted for degradation by a set of processes generally referred to as 
biosyntiietic quality control. Although a great deal has been learned about these 
processes in the past few years the rate-limiting step determining whetiier or not a 
nascent chain is exported from the ER has not been identified. Indeed, the relation of 
the folding and degradation mechanisms to the ER export and retrieval pathways is 
not understood for any cell surface or secreted molecule. 

Cystic fibrosis (OF) is an example of a disease which may benefit fix)m an 
understanding of the factors that contribute to or mediate retention or export of 
proteins fi'om the endoplasmic reticulum because, in many patients, ER-retention 
prevents potentially fimctional variant CFTR (Cystic Fibrosis Transmembrane 
Conductance Regulator) molecules from reaching the plasma membranes of secreting 
and reabsorbing epithelial cells, where CFTR is required as a regulated chloride 
channel. For example, although more than 800 different mutations in the CFTR gene 
have been detected in CF patients, more than 90% of patients^possess a single 
misprocessing mutant, AF508. Collins, F. S. (1992) Science 256:774-779. This 
mutant protein is potentially fimctional as a regulated chloride channel if it can be 
made to move fiirther along the secretory pathway and reach the ceil surface. 
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Dalemans, W. et al. (1991) Nature 354:526-528; Dmmm, M. L. et al. (1991). Sf^i^n^p 
254:1797-1799; and Li, C et al, (1993) Nat. fimfiTics 3:311-316. 

Ubiquitination ultimately marks maturation-incompetent nascent chains as 
substrates for the proteasome but earlier steps in the recognition of these targets are 
unclear. Jensen, T. J. et aL (1995) CeU 83:129-135; Sato, S.et al. (1 998). T T^inl 
rhfim 273:7189-92; and Ward, C. L et aL (1995) £dl 83: 121-127. Molecular 
chaperones can either retain unfolded proteins or assist in their folding. Nascent 
GFTR interacts with chaperones on both sides of the ER membrane; on the 
cytoplasmic face of the ER, Hsp70 (Yang, Y. et al (1993) Prnr Natl AnaH <^r.i Jlf^A 
90:9480-9484) and its cochaperone, Hdj-2 (Meacham, G. C. et al. (1999) KMRO t 
18:1492«1505) as well as Hsp90 (Loo et al. (1998) T^Mnn T 17:6879-6887) bind to 
immature CFTR. Other chaperones could also be present in the large multimolecuiar 
complexes containing nascent CFTR. Find, S. et al. (] 994) T Riol rhem 269: 12784- 
12788. Although these interactions appear to occur with both wild-type CFTR and 
mutant AF508 CFTR and no large differences in the kinetics or stoichiometry of 
CFTR-chaperone interactions have yet been found, the role of chaperones in ER 
retention of CFTR cannot be ruled out. 

In addition to chaperones, short sequence motifs have been shown to exert 
positive and negative effects on secretory proteins which are required for ER export 
and retrieval, respectively. For example, a short diacidic ER export si^al has been 
described as necessary for transport of VSV-G glycoprotein from the ER- Nishimura, 
N., and Baldi, W. E. (1997) Scioicfi 277:556-8. Whether nascent AF508 CFTR never 
leaves the ER or if it is retrieved is not ioiown, although AF508 CFTR may reach the 
intermediate compartment (ERGIC) between ER and Golgi. Gilbert, A. et al. (1998) 
Rxp. Cell Res, 242: 144-52. 

Previous attempts to overcome £R-retention of mutant CFTR have included 
inhibition of the proteasome involved in luiscent chain proteolysis (Jensen et aL, 1995, 
supra; Ward et al., 1995, supra), perturbation of interaction with molecular chaperons 
(Jiang, C. et al. (1998). Am T, Physinl. 275:C171-8; and Loo et aL, 1998, supra) and 
using agents or conditions which influence protein folding for example, glycerol and 
other osmolytes (Brown, C. R. et al. (1996) Cell Stress Chaperones 1:117-25; Qu, B. 
H.et al. (1997) T Rinl rhem 272: 15739-44; and Sato, S. et al. (1 996) T. RinLChem. 
271:635-638) or reduced temperature (Denning, G, M. et aL (1992) ^^atiire 358:761- 
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764). However, these treatments are minimally effective or extremely toxic to cells, 
precluding their ^plication to patirate. 

Thus, there remains a need to understand the biological basis for ER retenticMi, 
especially in respect to the retention of proteins such as CFTR that have severe 
physiological consequences. The present invention satisfies this need and provides 
related advantages as well. 

STTMM AR Y OF TtTF TIWITI VTTOM 

The pre^t invention is based on the discovoy that an export-incompetent 
CFm has several arginine-ftamed tripeptide sequence motifs that contribute to the 
observed deficiency of cell surfece expression, and that modifying one or more of 
these sequences can result m increased transport of the export-incompetent CFTR to 
the cell surface. 

In one aspect, the invention features an isolated polypeptide that includes a 
polypeptide having the sequence X1-R-X2-R-X3, wherein XI, X2 and X3 are any 
ammo acid and polynucleotides encoding such polypeptides. The polypeptide can 
have at least seven amino acids. TTie invention also features an isolated polypeptide 
selected &om Ae group consisting of: GYRQRLE, EYRYRS V, GQRARIS and 
QARRRQS, and polynucleotides encoding sudi polypeptide. Polypqrtides of the 
invention further can include a pharmaceutical fonnulation. 

The invention also features an isolated polypeptide having one or more R-X-R 
sequences, wherein at least one R of an R-X-R sequence has been substituted with 
another amino acid, and wherein tiie substituted polypeptide is exported fix)m the ER 
in an amount or at a rate greater than the unsubstituted polypeptide. The polypeptide 
can be CFTR. 

In another aspect, the invention features a mediod for identifying a ther^utic 
agent for treating cystic fibrosis. The method mcludes contacting at least one cell 
expressing an export-incompetent CFTR wiA a test agent under conditions allowing 
an interaction between the agent and a factor mediating or contributing to export- 
incomp^ence; and determining v4iether the agrat increases the amount of the CFTH 
on the cell surface, where an increased amount of CFTR on the cell surfece identifies 
a therapeutic agent for treating cystic fibrosis. 
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&i yet another aspect, the invention features a method for identifying an agent 
that induces or increases transport of an export^incompetent protein. The method 
includes contacting an export-incompetent protein with a test agent under conditions 
allowing an interaction between the agent and a factor mediating or contributing to 
^ export-incompetence; and determining whedier the agent increases the amount or the 
rate of protein transported, where an increased amount of transported protein 
identifies an agent that induces or increases transport of an export-incomi^ent 
protein. The protein can be a secreted protein, a cell sur&ce protein, or CKi K. The 
method can be performed in vitro or the export-incompetent protein can foe expressed 
3-0 in a ceil. 

The invention also features a method for treating a subject having cystic 
fibrosis. The method includes administering to the subject a pharmaceutical 
formulation comprising a polypeptide having an R-X-R sequence in an amount 
effective for treating cystic fibrosis. In one embodiment, the X amino acid of the R- 
X-R sequence is not alanine, asparagine or glutamate. The polypeptide can have at 
least four amino acids, e.g., at least seven amino acids. The polypeptide can be 
selected from the group consisting of: GYRQRLE, EYRYRS V, GQRARIS and 
QARRRQS. 

In yet anodier aspect, die invention features a method for treating a subject 
^ 0 having cystic fibrosis. Ihe method includes administering to the subject a 

pharmaceutical formulation tiiat includes a nucleic acid encoding a polypeptide having 
an R-X-R sequence in an amount effective for treating cystic fibrosis. 



In anotii^ a^ect, the invration features a method for treating a subject having 
or suspected of having a physiological di^»ti^ associated with an expoit-incomp^nt 
protein. The method includes administering to tiie subject a pharmaceutical 
formulation comprising a polypeptide having an R-X-R sequence in an amount 
efifective for treating a physiological disorder associated with an ^ort-mcompetent 
protein. Hie physiological disorder or condition can be selected from the group 
consisting of: macular dystrophy and Stargardt's disease. The report-incompetent 
protein can be selected from tiie group consisting of: ion channels, ABC proteins, 
growth factors, immune regulators, adhesion proteins, hormones, clotting factors, 
hemostatic regulators and receptors tiiereof. In one embodiment, the X amino acid of 

4 
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the R-X-R sequence is not alanine, asparagine or giutamate. The polypeptide can 
have at least four amino acids» e.g., at least seven amino acids. The polypeptide can 
be selected from the group consisting of. GYRQRLE, EYRYRS V, GQRARIS and 
QARRRQS. 

In yet another aspect the invmtion features a method for inducing or 
increasing intracellular transport of an ^on-incompetent protein. The method 
includes contacting a cell expressing an export«*incompetent protein with a 
composition comimsing a polyp^ide having an R-X-R sequence in an amount 
sufiScient for inducing or enhancing intracellular transport of ihe export-incompetent 
protein. The protem can have an R-X-R sequence and can be a ceil sur&ce protein, an 
export-incompetent CFTR, or a secreted protein. 

A method for identifying an agent that inhibits or disrupts an interaction 
between an R-X-R polypeptide and an £R retention &ctor also is described. The 
method includes incubating a polypeptide having an R-X-R sequence and an ER 
retmtion &ctor under conditions allowing their interaction; adding a test agent to the 
incubation; and detecting binding between the polypeptide and the ER retention 
factor, where decreased binding in the presence of Ihe test a%ent identifies an agent 
that mhibits or dimrpts an interaction between an R-X-R polypeptide and an ER 
retention &ctor. Tlie method can be performed in vitro. The polypeptide can have at 
least 4 amino acids. The X amino acid of the R-X-R sequence may not be alanine, 
asparagine or giutamate. The polypeptide can be selected from the group consisting 
of: GYRQRLE, EYRYRSV, GQRARIS and QARRRQS. 

The invention also features a method for identifying an ER retention fector. 
The method mcludes contacting a composition suspected of containmg an ER 
retention &ctor with a polypeptide having an R-X-R sequmce under conditions 
allowing interaction betwem the factor and the polypq)tide; and derectuig binding 
between tiie fector and the polypeptide, thereby idmtifying an ER retention factor. 
The metiiod can be performed in vitro. The polypeptide can have at least four amino 
acids, e.g.» at least seven amino acids. The polypeptide can be selected from the group 
consisting of: GYRQRLE, EYRYRSV, GQRARIS and QARRRQS. 

In yet another aspect, the invention features a m^od for inhibiting 
degradation of a protein in a cell. The method includes contactmg a ceil with a 
polypeptide having an R-X-R sequence in an amount sufficient for inhibiting 
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20 



25 
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degradation of a cell sur&ce or secreted protein. The protein can be a cell surface 
protein or a secreted protein. 

A method for detecting the presence of an ttcport-incomp^ent protein in a cell 
is also featured. The method includes contacting a cell with a polypeptide having an 
R-X-R sequence and detecting the intracellular transport of the protem. The 
intracellular transport can be detected usmg an enzyme, by detecting the presence of 
the protein on the cell surface, or by detecting secretion of the protein. The protein can 
beCFTR, 

BWIKF PFSCRTPTf Ol^ OF TRF TO A wmqf^ 

Figures 1 A to ID show A) a schematic depiction of CFTR protein indicating 
approximate locations of arginine-framed tripeptide sequences and phenylalanine 508; 
B) western blots of wild-type and AF508 CFTR expressed in BHK cells having the 
indicated substitutions; C) wild-type and AF508 CFTR expressed in BHK cells having 
all four arginines substituted with lysine (AF508/4RK) digested with endogiycosidase 
H; and D) surfece biotinylation of mature CFTR on cells expressing AF508, 
AF508/4RK and wild-type CFTR. The arrowhead indicates position of mature band 
with complex (radoH resistant) oligosaccharide chains. Solid arrows indicate the 
position of corc-glycosylated band before endo-H digestion and open arrows are after 
endo-H digestion. Amino acid numbering begins fi-om the first methionine in CFTR. 
Expression, extraction, digestion and cell surface labeling was performed as described 
in Example 1. 

Figures 2A to 2D show the maturation of A) wild-type CFTR; B) wild-type 
CFTR with arginine to lysine substitutions at all four arginine-fiamed tripqjtides 
(wiId-type/4RK; C) AF508 CFTR and; D) AF508 CFTR with arginine to lysine 
substitutions at all four arginine-fiamed tripeptides (AF508/4RK). Cells were pulse- 
labeled for 20 min and the chase times in hours arc indicated* Maturation was 
assessed by the acquisition of endogiycosidase H resistant oligosaccharide chains, 
which results in a decrease in the corresponding proteins mobility on SDS-PAGE. 

Figures 3A to 3D show the localization of A) wild-tjpe CFTR; B) wild-type 
CFTR with arginine to lysine substitutions at all four arginine-framed tripeptides; C) 
AF508 CFTR and; D) AF508 CFTR with arginine to lysme sutetitutions at all four 
argmine-ftamed tripeptides, as determmed by indirect immunofluorescence. 

6 
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Figures 4A to 4D show the effect of AFT-containing heptamers on cells 
expressing wild-type CFTR-GFP fiision protein and AF508 CFTR-GFP fusion 
protem. A) ceils expiring wild-type CFTR-GFP fiision protein, not e3q>osed to 
AFT-containing heptamer peptides; B) ceils expressing wild-tjqje CFTR-GFP fiision 
^ protein, exposed to AFT-contaming heptamer pq>tides; C) cells expressmg AF508 
CFTR-GFP fiision protein, not reposed to AFT-containing heptamer peptides; D) 
cells expressing AF508 CFTR-GFP- fiision protein, exposed to AFT-containing 
heptamer pq^tides* 

Figures 5A and 5B show the effect of the arginine to lysine substitutions on 
^ ^ CFTR chloride channel activity fi*om A) cells expressing wild-type and AF508 CFTR 
with or without AFT mutations {^^CF efflux in cpm/min) and B) single CFTR CI" 
channels in planar lipid bilayers isolated fix>m cells expressing wild-type, wild- 
type/4RK and AF508/4RK CFTR. TTie studies in A) w&re performed m triplicate, 
samples were averaged and the vertical bars represent standard deviation. In B), the 
arrows indicate stimulaticm with Forskolin and all points histograms are shown to the 
left of the tracings. 

Figure 6 is an amino acid sequence of human cystic fibrosis transmembrane 
conductance regulator (CFIH). 

PFTAniFrO l>ESCRTPTTON OF THE TNVENTTON 

^ ^ The present invention is based upon the discovery that particular mutant 

CFTR's are unable to be transported to tiae cell sur&ce due, m part, to the presence of 
arginine-fi:amed tripq)tide sequence moti&, R-X-R, present in CFTR, There are four 
arginine-fi'amed tripeptide sequence moti& on CFTR that appear to mediate or 
contribute to retention of mutant export-incompetent CFTR in the endoplasmic 

^ ^ reticulum (ER), delaying or preventing transport of CFTR to the cell sur&ce. When 
altered, such as by substituting one arginine of the tripeptide sequence motif wi& 
another amino acid, an increase in transport of the substituted CFTR to the cell 
sur&ce in an amount greater than unsubstituted export-incompetent CFTR is 
observed. Thus, agents that induce or increase transport of export-incompetent CFTR 

2 ^ or other export-incompetmt proteins fium the ER can be used as therapeutics for 
treathig physiolo^cal di^ases associated with export-incompetent proteins, such as 
cystic fibrosis (CF). 
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In one embodimmt the invention provides isolated CFTR polypeptides having 
one or more amino acid substitutions of an arginine-firamed tripeptide (AFT)* The 
substituted CFTH poiypeptides are capable of being trans^rted to the ceil sur&ce in 
an amount greater than an unsubstituted CFTR polypeptide. Thus, substituted CFTR 
polypeptides are useful for the treatm^t of CF, for example. Moreover, as AFTs can 
mediate or contribute to a protein's inability to be transported fix)m the ER, AFT and 
peptide sequences containing such AFT sequei^es are useful as competitive inhibitors 
of ER retention &ctors that interact with AFT containing polypeptides. As disclosed 
herein, competitive inhibition using such peptides induces or enhances ER transport of 
proteins, including export-incompetent protefais contaming an arginine-firamed 
tripeptide sequence. Thus, arginine-€ramed tripeptides are useful for treating 
physiological disorders related to e>qx>rt-incompetent proteins, including cell sur&ce 
as well as secreted proteins, sudi as CFTR. Thus, m another embodiment, the 
invention provi<fes peptides having one or more arginme-fiamed tripeptide sequraces, 
and methods of use. 

As used herein, the terms **protein,'* **polypeptide** and "peptide" are used 
int^changeabiy to denote an amino acid polymer that comprises at least two amino 
acids covaientiy linked by an amide bond, regardless of Imgth or post-translational 
modification (e.g:, glycosylation, phosphorylation, lipidation, ubiquitination etc.). ]> 
and amino acids, and mixtures thereof are included. 

As used herein, the terms "isolated" or ""substantially pure," when used as a 
modifier of invention CFTR polypeptides, fiagments thereof argniine-firamed 
tripeptides and nucleic acids, means tiiat they are produced by the hand of man and are 
separated fix>m their native in vivo cellular environmrat. Generdly, polypeptides and 
nucleic acids so separated are substantially free of other proteins, nucleic acids, lipids, 
carbohydrates or otiier materials with which they are naturally associated. 

Typically, a polypqstide is substantially pure when it is at least 60%, by 
weight, free from the proteins and naturally-occurring molecules witii wfaidi it is 
naturally associated. Preferably, the preparation is at least 75%, more preferably at 
least 90%, and most preferably at least 95%, by wei^t Substantially pure CFTR 
polypeptide can be obtained, for example, by extraction from a natural source (e.g., an 
animal cell); by expression of a recombinant nucleic acid encoding a CFTR 
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polypeptide: or by chemically synthesizing the protein. Purity can be measured by any 
appropriate m^od, polyacrylamide gel electrophoresis, or by HPLC analysis, 
A protein is substantially free of naturally associated components when it is 
separated 6om those contaminants which accompany it in its natural state. Thus, a 
protein which is chemically synthesized or produced in a cellular syst^ different 
from the cell firom which it naturdly originates will be substantially free from its 
naturally associated components. Accordingly, substantially pure polypeptides 
include those derived fit>m eukaryotic organisms but synthesized in £ coli or other 
prokaiyotes. 

As disclosed herein, substitution of one or more amino acids of an AFT 
sequence with a different amino acid can increase transport of an »qport-incompetent 
polypeptide (see for example. Examples I to ID}. Thus, in another embodiment, the 
invention provides an isolated polypeptide containing at least one arginme-framed 
tripeptide, R-X-R, in which at least one R of the R-X-R tripeptide is substituted with 
an amino acid, and the substituted polypq>tide is exported from the endoplasmic 
reticulum in an amount greater than the unsubstituted polypeptide. In one aspect, the 
first or third R is substituted or the X position amino acid is substitoted. bi another 
aspect, the first or third R is substituted with a lysine. The X position amino acid is 
not substituted with alanine, asparagine or glutamate. 

Particular examples of isolated polj^ptides so substituted include export 
incompetent AF508 CFTR, for example, R29K and R5 1 6K, in which the first arginine 
has been substituted with a lysine, R555K and R766K, in which the third arginine has 
been substituted witii a lysine, and 4RK, in which all four substitutions are combined 
(Figure IB). Additional modifications of the CFTR sequmce may influence £R- 
retention or export. For example, substitution of transport signals within the CFTR 
C-tenninal extension residues (amino acid residues 1380*1480) also can increase £R 
export of an export-incompetent CFTR. 

As used herein the term ''substituted," whm used as a modifier of a 
polypeptide contaming at least one arginine-framed tripeptide (R-X-R), means that 
one or more amino acids of the R-X-R sequence or a sequence tiiat flanks R-X-R, has 
been substituted witii another amino acid. Preferred amino acid substitutions occur at 
the first or third arginines of the R-X-R motif More preferred substitutions occur at 
the fu-st argfaiine of the R-X-R motif. Generally, substitutions of the sequence 
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flanking R<-X-R wtU be widiin about f 5 amino acids of the motif, preferably within 1 0 
amino acids and more preferabiy within five amino acids. Multiple amino acid 
substitutions of R*X-R or a sequence that flanks R-X-R also are included. 

As used herein, the terms "export-incompetent" or "'export-incompetence," 
when used as a modifi^ of a protein, polypeptide or peptide; refers to a decrease or 
^sence of intracellular transport from the endoplasmic reticulum (ER) to and through 
the golgi apparatus (cis, medial, trans) to an ultimate destination, such as the cell 
suri&ce, to the lysosomes or endosomes, or secreted from the cell. A decrease either 
can occur in the rate of transport (e.g., a time delay in the appearance of a protem on 
the cell surface) or in tiie ovmll amount of protein transported to its ultimate 
destination, or a combination thereof As disclosed herein, the rate or amount of 
intracellular transport of a protein can be determined by detecting the amount of 
protein present at the cell surface or present in organelles distal to the ER. such as the 
golgi (e.g., cell surface immunoprecipitations or cell immunocytochemistry using 
antibody specific for the protem. Examples I to ID), for secreted proteins, detecting the 
amount in the media, or detecting protein transport tfirougfa the various ER to golgi 
transport stages, for example, by assaying polypeptides for the presence of complex 
oligosaccharide chauis added by glycosyl transferases present in the golgi. For 
example, as described in Example I and shown in Figures 1 and 2, pulse-chase studies 
revealed that wild type CFTR maturation begins within an hour (acquires complex 
oligosaccharide chains resistant to endoglycosidase H digestion, i.e., "endo H resistant 
chains")^ whereas export-incompetent AFS08 CFTR fails to mature even afier two 
hours (does not acquire endoglycosidase H resistant chains; compare Figure 2A to 
2C). Additional methods, both m vivo and in vitro, are known in the art tiiat can be 
used for detecting an increa^ or decrease in intracellular transport of a protein. 

The isolated invention polypeptides having a substituted R of the R-X-R will 
generally be proteins that are naturally present in the intracellular transport apparatus 
during tiieir maturation and are therefore normally present on the cell surface, in 
lysosomes or endosomes, or are secreted by the cell. Thus, such polypeptides include 
cell surfece ion channels, growth factors, immune response regulators receptors 
(cytokines and growth factors including interleukins, interferons etc.), adhesion 
proteins (e.g., integrins and galectins), hormones, clotting fectors, hemostatic effectors 
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and receptors thereof. Nevertheless, other polypeptides that are not naturally present 
in the intt^celiuiar transport apparatus, but are modified so as to be presmt in the 
intracellular transpoit apparatus, such as by attaching an appropriate targeting signal, 
also are included, so long as substituted polypq>tide, as set forth herein, is expomd to 
^ the ceil surface in an amount greater than the unsubstituted polypeptide^ 

Polypeptides containing at least one arginine-framed tripeptide (AFT) in which 
at least one of the arginines has been substituted with another amino acid inciude 
export-incompetent polypeptides as well as polypeptides for which no export 
deficiency is apparent (e.g., wild-type proteins). Both naturally occurring and non- 
naturally occurring substituted polypeptides are included. Specific examples of 
polypeptides that can be substituted are AF508 CFTR polypeptides in which an 
£irginine residue at position 29, 516, 555, 766 has been substituted with lysine. 
Specific examples of polypeptides for which no export deficiency is apparent are 
wild-type CFTR's in which one or more arginines of the arginine-firamed tripeptides 
have been substituted. For example, wild-type CFTR in which four arginines have 
been substituted with lysine (wild-type/4RK) appears to undergo more rapid 
maturation than unsubstituted wild-type CFTR (compare Figure 2A to 2B). As with 
substituted export-incompetent CFTR, wild type CFTR polypeptides can have one or 
more substitutions of the arginine at the indicated positions, or have multiply 
2 ^ substituted arginines, in any combination. Additional export-incompetent CFTR 

polypeptides are known in the art and are specifically included when substituted as set 
forth herein. 

The invention fiirth^ includes polypeptides having minor variations, additions 
or deletions to the amino acid sequence of the polypeptides disclosed herein so long as 
^ ^ the modified polypeptide has substantially the same biological activity or fimction as 
the unmodified poiypq)tide. As used herein, the term "substantially the same 
biological activity or fiinction,'' when used in reference to a modified polypeptide, 
means that the polypeptide retains sufiScient biological activity associated with the 
unmodified polypeptide as described herein or known in the art to provide normal 
tissue function. 

Modified polypeptides are therefore distinct firom substituted polypeptides 
because modified polypeptides can have modifications throughout the polypeptide 
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that do not destroy biological activity, wliereas substituted polypeptides have one or 
more amino acids of the R-X-R sequence or a flanking sequence substituted with 
another amino acid, where the substituted polypeptide is exported to the cell surfece in 
an amount or at a rate greater than the unsubstituted polypeptide. Thus, a substituted 
polypeptide as set forth herein can be modified so long as the polypeptide is exported 
from the ER in an amount or at a rate greater than the unsubstituted polypeptide. For 
example, a substituted export-incompetent CFTR polypeptide having modifications 
would be e3q>orted from tiie ER in an amount or at a rate greater than unsubstituted 
export-mcompetent CFTR. Sraiiiariy, a substituted wild-type CFTR having 
modificatiOTs would be exported to the cell surfece in an amount greater than 
unsubstituted wild-type CFTR. 

Modified polypeptides that are "biologically active" or "functional" can be 
identified through a fimctional assay. For example, modified CFTR will exhibit 
substantial chloride efflux. An example of a functional assay for a polypq)tide havmg 
an AFT, would be the ability of the modified AFT to induce or increase transport of 
an export mcompetent protein. Additional functional assaj^ for CFTR are known in 
flie art and various assays for detetmining whedier a modified polypeptide, such as a 
cell surface or secreted protem, has a biological fimction or activity mclude ion 
transport, ligand bmdmg, cell signaling, the ability to bind or interact with protems in 
vitro or in vw, enzymatic activity, gene activation or suppression and the ability to be 
modulated by ^ents or proteins, for example. 

As modified polypeptides will retain biological activity associated with 
unmodified polypeptide, modified polypeptides will generally have an amino acid 
sequence ''substantially identical" to the amino acid sequence of tiie unmodified 
polypeptide. As used herein, the term "substantially idaitical," when used in 
reference to a polypeptide, means that a sequ^ice of the polypeptide is at least 50% 
identical to a refwence sequrace. Modified polypeptides and substantially identical 
polypeptides will have at least 70%, preferably 88%, more preferably 90%, and most 
preferably 95% homology to a reference polypq>tide. For polypeptides, the length of 
comparison between sequences will generally be at least 15 ammo acids, pref^bly at 
least 25 amino acids, more prefwably at least 50 ammo acids, and most preferably 100 
amino acids or more. 
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As used hereiiu the terms "homology" or "homologous." when used in 
reference to polypeptides, refers to the amino acid sequence similarity betwem two 
polypeptides. When an amino acid position in both of the polypeptides is occupied by 
identical amino acids, tfien they are homologous at tiiat position. Tlius, by 
"substantially homologous" is meant an amino acid sequrace that is largely, but not 
entirely, homologous, and which retains most or all of the activity as the sequence to 
which it is homologoi^. 

Modified or substantially identical polypeptides can have one or more 
additions, del^ons, or msertions, or non-conservative variations, located at positions 
of the amino acid sequence which do not destroy the function of the protein (as 
determined by functional assays, e,g., as described herdn) or conservative variations, 
for example, one amino acid can be substituted for another of the same class (e.g., 
valine for glycine, azginine for lysme, etc.)- 

An example of an addition is a heterologous domain that imparts a distinct 
functionality upon the polypeptide. A hetm>logous domain can be any small 
molecule, macromolecule or micro&bricated device so long as it imparts an additional 
fimction. Particular heterolo^us domains inchide those that provide a targeting 
Unction (e.g., an antibody, ligand, viral envelope protein), those that enhance or 
suppress activity (a d^repressible or activatable moiety), and those that enable 
purification (e«g., T7 tag, polyhistidine sequence etc.). The skilled artisan will know 
of other heterologous domains depending on the application and the distinct fimction 
desired. 

An example of a deletion is where a small portion of the molecule is removed. 
For example, deletion of an AFT may not alter CFTR biological activity, but may 
mduce or increase transport fix>m the ER. Multiple deletions of AFTs may provide an 
additive or synei^stic effect. Pol>peptides having AFT deletions are specifically 
included so long as tiie deleted polypqitide has mcreased transport m comparison to 
undeleted polypeptide. 

As used herein, the term "conservative variation" denotes tiie replacement of 
an amino acid residue by another, biologically similar residue. Examples of 
conservative variations include the replacement of a hydrophobic residue such as 
isoleucine, valine, leucine or methionine for another, the replacement of a polar 
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residue for another, such as the substitution of ai^inine for lysine, glutamic for 
aspartic acids, or glutamine for asparagine, and tiie like. 

Modified polypeptides fimher include ''chemical derivatives,^ in which <me or 
more of the amino acids therein has a side chain chemically altered or derivatized. 
Such derivatized polypeptides include, for example, amino acids in which free amino 
groups fcMrm amine hydrochlorides, p-toluene sulfonyl groups, carobenzo^Q^ groups; 
the fiee carboxy groups form salts, methjd and ethyl esters; free hydroxyl groups that 
form O-acyl or O-aUcyi derivatives as well as naturally occurring amino acid 
derivatives, for example, 4-hydroxyproline for proline, S-hydroxyiysine for lysine, 
bomoserine for serine, omifliine for lysine etc. Also included are D-amino acids and 
amino acid derivatives ttiat can alter covalent bonding, for example, the disulfide 
linkage that forms between two cysteine residues that produces a cyclized polypeptide. 

The polypeptide modifications may be deliberate, as by site-directed {e.g., 
PCR based) or random mutagenesis {e.g., EMS) or may be spontaneous or naturally 
occurring. For example, naturally occurring allelic or splice variants can arise by 
alternative RNA splicmg, polymorphisms or spontaneous mutations of a nucleic acid 
Furttier, deletion of one more amino acids can also result in a modification of the 
structure of the resultant polypeptide without significantly altering a biologicsd 
activity. Deletion can lead to the development of a smaller active molecule tiiat may 
have broader utility. Those of skill in the art will recognize tiie numerous amino acids 
that can be modified or substituted with otiier diemically similar residues without 
subst^tially altering biological activity. All of the polypeptides produced by such 
modifications are included herein as long as the modified polypeptide possesses^ost 
or all of a biological activity or fimction as described herein. 

As the AFTs of CFTR are disclosed herein as contributing to ER ret^on or 
delay in maturation of proteins, the AFT sequences are useful as competitive 
inhibitc»s of ER r^ntion. Thus, in another embodiment, the present invention 
provides isolated polypqitides having an AFT sequence. The amino acid length of 
polypeptides that contain the AFT can range from about 4 amino acids up to about SO 
amino acids. Preferably, tiie amino acid lengdi is from about S to about 40 amino 
acids, more preferably, from about 6 to about 30 amino acids and, most preferably, 
from about 7 to about 25 amino acids. For example, the polypeptide can have the 
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sequence Xi*R-X2*R-X3 wiiere Xu X2 and X3 are any amino acid. In certain aspects, 
the X2 amino acid is not alanine, asparagine or glutamate. 

Exemplary polypeptides having an AFT sequence are heptam^ based on the 
AFT sequence region of the corresponding CFTR polypeptide. In particular, 
5 GYRQRLE, which is based on the sequence SWTRPILRKGYRQRLELSDIYQIPS; 
EYRYRS V, which is based on the sequence NIIFGVSYDEYRYRSVIKACQLEED; 
GQRARIS, which is based on the sequence GEGGITLSGGQRARISLARA VYKDA; 
and QARRRQS, vAAch is based on the sequence 

SVISTGPTLQARRRQSVLNLMTHSV. It is understood tiiat the standard single 
^ ^ letter amino acid abbreviation is used to denote the amino acids of Hie invention 

polypeptides (see for example, Zubay, G.L., Biochemisti^ p^e 12, Addison- Wesely 

Publishing, Inc., 1983). 

AFT containing polypeptides can have multiple AFT sequences, if desired. 

AFT polypeptides of the invention also can be modified as set forth herein so long as 
^ ^ a biologicd activity or function is substantially fte same as unmodified polypeptide. 

Additional modifications fiuther include, for ^cample, those tfiat enhance or increase 

activity, so as to be more effective inhibitors of ER retention. 

The polypeptides of the invention can be prepared by a variety of methods 

known in the art. such as by purification from an appropriate organism or ceil using 
^ ^ typical biochemical methods (e.g., colunm chromatography), by chemical syndesis 

(peptide syntfaesizors, e.g. Applied Biosystems, Inc., Model 540A (Foster City, CA)), 

by expression screening (using an antibody tbst binds to the poiypq)tide). An 

example of one means is by expression of a nucleic acid in a cell encoding an 

invention polypeptide in a host cell, such as bacteria, yeast or mammalian celK and 
2 ^ purifying die expressed polypeptide using metiiods known in the art. Otiier well 

known methods are described in Deutscher et al., (Gnirifi to Protein Purification: 

Merhnds in EnTymnlogy Vol. 182, Acad^ic Press (1990)). 

The invention further provides isolated nucleic acids encoding invention 

polypeptides, fi'agments thereof, complementary sequences thereto, and antisense 
^ ^ sequences thereof . In one embodiment, invmtion isolated nucleic acids encode export 

incompetent CFTR's in which an R of the R-X-R motif is substituted, for example. 

with lysine. In another embodiment, invention isolated nucleic acids encode wild* 

type CFTR's in whidi an R of the R-X-R motif is substituted, for example, witii 
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lysine. In certain other aspects, nucleic acids encoding polypeptides having an AFT 
sequence also are provided. 

As used herein, the tenns "nucleic acid," "polynucleotide," "oligonucleotide," 
or "primer" are used interchangeably to refer to deoxyribonucleic acid (DNA) or 
ribonucleic (RNA), either double or single stranded, linear or circular. RNA can be 
unspliced or spliced mRNA, rRNA, tRNA or antismse RNA. DNA can be 
complementary DNA (cDNA), genomic DNA, or an antisense. Specially included are 
nucleotide analogues and derivatives, such as those used to provide resistance to 
degradation by nucleases, which can fimction as antisense or encode invmtion 
polypeptides. 

An "isolated" or "substantially pure" nucleic acid means tiiat the nucleic acid 
is not immediately contiguous with the coding sequences with either the 5' end or the 
3* end with which it is unmediately contiguous in the naturally occurring genome of 
the organism from which it is derived. The term therefore includes, for example, a 
recombinant DNA that is a separate molecule mdqjendent of other sequences (e.g., a 
cDNA or a gencmic DNA fragment produced by PGR or restriction endonuclease 
treatment) as well as a recombinant DNA mcorporated into a vector, an autonomously 
replicating plasmid or virus; or a gmomic DNA of a prokaryote or eukaryote. It also 
includes a recombmant DNA tfiat is part of a hybrid or fusion, for example, a gene 
encoding an additional polypeptide sequence. The term fterefore does not include 
nucleic acids present among millions of sequences in a goiomic or cDNA library, or 
in a restriction digest of a Iil»my fiactionated on a gel. 

The nucleic acids of the invention also include nucleic acids that are 
degenerate as a result of the genetic code. Hiere are 20 natural amino acids, most of 
which are specified by more than one codon. Degenerate sequences may not 
selectively hybridize to other invention nucleic acids; however, they are nonetfieless 
included as tiiey encode invention polypeptides, arginine-framed tripeptide repeats 
and fragments thereof. 

The invention also includes nucleic acids substantially homologous with tiie 
nucleic acids encodmg mvention polypeptides. As used herein, the tem 
"hpmologous," when used in reference to nucleic acid molecule, refers to similarity 
between two nucleotide sequences. When a nucleotide position m both of the DNA 
molecules is occupied by identical nucleotides, then they are homologous at that 
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position. Preferably, ''substantially homologous'^ nucleic acid sequences are at least 
70% homologous, mere preferably at least 80% homologous and most preferably 90% 
homologous^ and retains the biological activity associated with the sequence to which 
it is homolc^ous. For nucleic acids^ the length of comparison between sequences will 
generally be at least 30 nucleotides, preferably at least SO nucleotides, more preferably 
at least 75 nucleotides, and most preferably 110 nucleotides or more. Algorithms for 
identifying homologous sequences that account for sequence gaps, mismatches, then: 
length and location, are known in the art, such as BLAST (see e.g.^ Altschul al.^ J. 
MoL Biol 215:403-10, 1990). 

The invration nucleic acids are useful for encoding invention polypeptides, 
when such nucleic acids are incorporated into expression systems disclosed herein or 
known in the art. hi addition, invention nucleic acids are useful as probes which can 
be used to identify the presence of a nucleic acid related to an invention nucleic acid 
or to detect the presence or an amount of DNA or mRNA in a sample, for example 
(Sambrook et al.y Mnlecuiar rJamTtg- A T^hnratntyMaiival^ Cold Spring Hait»or 
Laboratory, N.Y., 1989). Such probes can be modified so as to be detectable using 
radionuclides, luminescent moieties etc. 

The mvention further includes nucleic acid sequences compl^entary to the 
sequences desmbed herein, such as antisense. Such single or double stranded RNA 
sequences (known as ''RNA") are useful for inhibiting gene expression, for example 
(Kennerdell et al. (1998) Cell 95:1017-1026; Fireetal. (1998) MatuiB 391:806-811). 
Antisense sequences can interfere with a nucleic acid encoding a factor that mediates 
or contributes to ER retention (e.g., chaperones such as calnexin, hsc70 etc.). An 
effective amount of an antisense fiom the coding region of a factor that mediates or 
contributes to ER ret^tion can be usefiil for treating physiological disordm 
associated with e^q^ort-incompetent proteins including CFTR, as described herein. 

Invention nucleic acid sequences can be obt^ed using various standard 
techniques known in the art (e.g., molecular cloning, chemical synthesis) and the 
purity can be determined by polyacrylamide or agarose gel electrophoresis; DNA 
sequencing and the like. Nucleic acids also can be isolated using hybridization or 
computer-based techniques, which are well known in the art. Such techniques 
include, but are not limited to: 1 ) hybridization of genomic DNA or cDNA libraries 
with probes to detect homologous nucleotide sequences; 2) antibody screening of 
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polypeptides expressed by DNA sequences (e.g., using an expression library); 3) 
polymerase chain reaction (PGR) of genomic DNA or cDNA using primers capable of 
annealing to a nucleic acid sequence of interest; 4) computer searches of sequence 
databases for related sequmces; and S) differential screening of a subtract nucleic 
acidlibraxy. 

The nucleic acids of the invention can, if desired, be naked or be in a carri^ 
suitable for passmg through a cell membrane (e.gr-» DNA-liposome compl»)» 
contained in a vector {e,g^ retroviral vector, admoviral vectors and the like), or linked 
to in^ beads or other heterologous domains (e.g.» antibodies, biotin, streptavidin, 
lectins, etc.), or other appropriate compositions disclosed herein. Thus, both viral and 
noh-viral means of nucleic acid delivery can be achieved and are contemplated. The 
nucleic acids of the invention also can contain additional nucleic acid sequences 
linked thereto that encodes a polypeptide having a distinct fimctionaiity, such as tiie 
hetm>logous domains set forth herein. Invention polynucleotides also can be 
modifi^ for example, to be resistant to nucleases to enhance their stability in a 
pharmaceutical formulation, for example. 

For propagation or expression in ceils, invmtion nucleic acids can be inserted 
mto a vector. The term 'Vector'' refers to a plasmid, virus or other vehicle known in 
the art that can be manipulated by insertion or mcorporation of a nucleic acid. Such 
vectors can be used for genetic manipulation (i.e., ''cloning vectors^) or can be used to 
transcribe or translate the mserted polynucleotide (i.e., ''expression vectors''). A 
vector gently contams at least an origin of replication for propagation in a cell and 
a fm>moter. Control elmients, including promoters, present within an expression 
vector are included to facilitate proper transcription and translation (e.g., splicing 
signal for introns, mmntenance of tiie correct reading fiame of the gene to permit m- 
fiame translation of mRNA and, stop codons etc.). 

In vivo or m vitro expr^ion of the invention nucleic acids can be conferred 
by a promoter operably linked to the nucleic acid. "Promoter" refers to a minhnal 
nucleic acid sequence sufiicirat to direct transoiption of the nucleic acid to which the 
promoter is operably linked (see e.g.. Bitter et al.^ M<»riinHg m RnTyynnlngy lilrSld- 
544, 1987). Promoters can constitutively direct transcription, can be tissue-specific, 
or can render inducible or repressible transcription; such elements are generally 
located in the 5' or 3' regions of the native gene. 
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A ^^issue-specific promoter^ means a promoter tiiat is active in particular cells 
or tissues which therefore confers transoiption of the operably linked nucleic acid in 
the particular cells, e.g., liver cells, hematopoietic cells, or cells of a specific tissue 
within an animd, e*g., pancreatic p cells. The term also covers so-called "lealg^ 
promoters, which regulate expression of a selected DNA primarily in one tissue, but 
cause expression in otiier tissues as well. An 'inducible promotof* means a promoter 
whose activity level increases in response to treatment with an external signal or agent 
(e.g., metailothionein HA promoter, heat shock promoter). A "repressible promotor^ 
or "conditional promoter'' means a promoter whose activity level decreases in 
response to a repressor or an equivalent compound. When the repressor is no longer 
present, transcription is activated or derepressed. Such promoters mdiy be used in 
combination and also may include additional DNA sequences that are necessary for 
transcription and expression, such as introns and enhancer sequmces. 

As used herein, the term '^operably linked" means that a selected nucleic acid 
(e.g., encoding a substituted export-incompetent CFTR) and a r^ulatory sequence{s) 
are connected in such a way as to permit transcription when the appropriate molecules 
(e*g., transcriptional activator proteins) are bound to the r^iatory sequence(s). 
Typically, a promoter is in close proximity and 5' of the nucleic acid to allow the 
promoter to regulate expression of flie nucleic acid. However, indirect operable 
linkage is also possible when a promoter on a first plasmid controls expression of a 
protein that, in turn, regulates a promoter controlling expression of the nucleic acid on 
a second plasmid. 

When cloning in bacterial systems, constitutive promoters such as T7 and the 
like, as well as inducible promoters such as pL of bacteriophage ^ plac, ptrp, ptac 
(ptrp-lac hybrid promote) may be used. When cloning in mammalian ceil systems, 
constitutive promoters such as S V40, RSV and the like, or inducible promoters 
derived from die genome of mammalian cells (e.^., metailothionein prc»noter) or fiom 
mammalian viruses (e.g:, the mouse mammary tumor virus long terminal repeat, &e 
admovirus late promoter) may be used. Promoters produced by recombinant DNA or 
synthetic techniques may also be used to provide for transcription of the nucleic acid 
sequencjcs of the invention. 

Mammalian expression systems which utilize recombinant viruses or viral 
elements to direct expression may be engineered. For example, when using 
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adenovirus expression vectors, fte nucleic acid sequraice may be ligated to an 
adenovirus transcription/translation control complex, e.g., the late promoter and 
tripartite leader sequence. Alternatively, tfie vaccinia virus 7.5K promoter may be 
used, (see e.g., Mackett et al. (1982) Pmr Mati A raH Rr? ttra 79:7415-7419; 
Mackett et al. (1984) J . VimI , 49:857-864; and Panicali et al. (1982) Proc. Natl. Acad. 
Sci. USA 79:4927-4931). 

Mammalian oqnession systems fiirther include vectors specifically desipied 
for "gaie therapy" m^ods including adenoviral vectors (U.S. Patent Nos. 5,700,470 
and 5,73 1,172), adeno-associated vectors (U.S. Patent No. 5,604,090), herpes simplex 
virus vectors (U.S. Patent No. 5,501,979) and retroviral vectors (U.S. Pattait 
Nos. 5,624,820, 5,693,508 and 5,674,703 and WlPO publications WO92/05266 and 
W092/14829). Vectors based on bovine ps^illoma virus (BPV) have the ability to 
replicate as extrachromosomal elmraits (Sarvo- et al., (1981) Mnl cm 1:486). 
Shortly after entry of an extradvomosomal veoor into mouse cells, the vector 
replicates to about 1 00 to 200 copies per cell. Because transcription of tfie inserted 
cDNA does not require integration of the plasmld into the hMf s chromosome, a hi^ 
level of expression occurs. Sudi vectors also have beai employed in gme thwai^ 
(U.S. Patent No. 5,719,054). CMV based vectors also are included (U.S. Patent No. 
5,561,063). 

In yeast, a number of vecb»s contaming constitutive ot inducible promotess 
may be used (see e.g.. Current Pmrnnnk in M/^livMiiar Ri^ir^g, Vol. 2, Ch. 13, 
Ed. Ausubel et al., Greoie Publish. Assoc. & Wiley Intra^ciaice, 1988; Grant et al., 
'Expression and Secr^ion Vectors for Yeast," in Mgthnrfc in Vmymnin^ vol. 153, 
pp. 516-544, Eds. Wu & Grossman, 31987, Acad. Prera, N.Y.,1987; Glover, dtja 
Vol. n, Ch. 3, IRL Press, Wash, D.C., 1986; Bitter, "Heterol(^ous Gaie 
Expression in Yeast," MrthoH^i in PnTym/^i>.gy Vol. 152, pp. 673-684, Eds. Berger & 
Kimmel, Acad. Press, N.Y., 1987; and Th^ Mr.w.iW Ri»i»gy »f 
.Sacr,hammynfrs, Eds. Stratfiem et cd.. Cold Spring Harbor Press, Vols. I and n, 1982). 
A ctmstitutive yeast [womoter such as ADH or I£U2 or an inducible promoter sudi as 
GAL may be used ("Cloning in Yeast," R. Rothstem In: r»JA rinning , a 
Appmar - h. Vol.1 1, Ch. 3, Ed. DM. Glover, IRL Press, Wash., D.C., 1986). 
Alternatively, yccioxs that facilitate integration of foreign nucleic acid sequences mto 
a yeast diromosome, via homologous recombination for example, are known in the art 
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and can be used. Yeast artificial chromosomes (YAC) are typically u^d when the 
inserted polynucleotides are too la^e for more conventional yeast expression vectors 
(^'g', greater than about 12 kb). 

Thus, in accordance with the presmt invention, nucleic acids encoding 
inventicKi polypeptides may be inserted mto an expression vector for expression 
in vitro (e.g., using in vitro transcription/translation kits, which are available 
commercially), or may be inserted into an expression vector that contains a promoter 
sequCTce which &cilitates transcription in either prokaryotes or eukaiyotes by transfer 
of an appropriate nucleic acid mto a suitable cell, organ, tissue or organism. 

As used herein, a '^transgene" is any piece of nucleic acid that is insrated by 
artifice into a host cell, and become part of the organism that develops from that cell. 
A ttansgene can include one or more promoters and any other DNA, such as mtrons, 
necessary for expression of the selected DNA, all operably linked to the selected 
DNA, and may include an enhancer seqi^ce. A transgene may include a gene that is 
partly or entirely heterologous (i.e., foreign) to the transgenic organism, or may 
represent a gene homologous to an endogenous gene of the oi^ism. Transgraes 
may integrate into the host cells genome or be maintained as a self-replicating plasmid 
(e.g., yeast 2jLiplasmids). 

As used herein, a **host ceir is a cell mto which a nucleic acid is introduced 
that can be propagated, transcribed, or encoded polypqitide expressed. The term also 
includes any progeny of the subject host cell. It is understood that all progeny may not 
be identical to the parental cell since there may be mutations that occur during 
replication. 

Host cells include but are not limited to microorganisms such as bacteria, 
yeast, msect and mammalian cells. For example, bacteria transformed with 
recombinant bacteriophage nucleic acid, plasmid nucleic acid or cosmid nucleic acid 
expression vectors; yeast transformed wiA recombmant yeast expression vectors; 
plant cell systems infected wift recombinant virus expression vectors 
cauliflower mosaic virus, CaMV; tobacco mosaic vfaxis, TMV) or transformed with 
recombinant plasmid expression vectors (e.g., Ti plasmid); insect cell systems 
infected witfi recombinant virus expression vectors baculovirus); or animal cell 
systems infwted with recombinant virus expression vectors (e.g., retroviruses. 
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adenovirus, vaccinia virus), or trmisfonned animal cell systems engineered for stable 
expression. 

For long^rm expression of invention polyp^ides, stable expressicm is 
preferred. Thus, using expression vectors that contain viral origins of rq>lication, for 
example, ceils can be transformed vi^ith a nucleic acid controlled by appropriate 
control elements (e.^., promoter/enhancer sequences, transcription terminators, 
polyadenylation sites, etc.). Althou^ not wishing to be bound or so limited by any 
particular theory, stable maintenance of expression vectors in mammalian cells is 
believed to occur by integration of the vector into a chromosome of tfie host ceil. 
Optionally, the expression vector dso can contain a nucleic acid encoding a selectable 
or identifiable marker conferring resistance to a selective pressure thereby allovring 
ceils having the vector to be identified, grown and expanded. Alternatively, the 
selectable maricer can be on a second vector that is cotransfected into a host cell with a 
first vector containing an mvention polynucleotide. 

A numb^ of selection S3^tems may be used, including, but not Ihnited to the 
herpes sfanplex virus thymidine kinase gene (Wigler et aL (1977) r.e1l 1 1:223), 
hypoxantfiine-guanine phosphoribosyltransferase gene (Szybaidca et al., Proc.Natl. 
AraH SrJ TTSA 48:2026, 1962), and the admine phosphoribosjdtransferase (Lowy et 
aL, Cdi 22:817, 1980) genes can be employed in tk-, hgprf or aprf cells respectively. 
Additionally, antimetabolite r^istance can be used as the basis of selection for dkfir^ 
which confers resistance to methotrexate (Wigler et al. (1980) Prnr Natl Anarf 
USA 77:3567; OHare et al. (1981) PmcNatl. Acad. Sci. TTSA 75:1527); thegpr 
gene, which confers resistance to mycophenolic acid (Mulligan et al. (1981) Pmc, 
Natl Acad. Sci, TISA 78:20^^; tiie momycin gene, which confers resistance to the 
ammoglycoside G-418 (Colberre-Garapin et al. (1981) J Mol, Rjo l 150:1); and the 
hygjromycin gene, which confers resistance to hygromycin (Santerre et al. (1984) ij^ne 
30:147). Recentiy, additional selectable genes have been described, namely trpB, 
which allows cells to utilize indole in place of tryptophan; hisD, which allows cells to 
utilize histinol in place of histidine (Hartman et al. (1988) Pmc Natl Arad Scl irSA 
85:8047); and ODC (omitiiine decarboxylase) which confers resistance to the 
omitiiine decarboiQ^lase inhibitor, 2-(difluoromethyl)*DL-omitiiine, DFMO 

(McConlogue, hi: rnrrant rnmTniinicariong m MnWiilar Rinlngy^ Cold SfHing 

Harbor Laboratory, ed., 1987). 
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As used herein, the term ^Hansformation'" means a genetic change in a ceil 
following incorporation of DNA (e.g., atransgene) exogenous to the ceil. Thus, a 
'transformed ceir is a cell into which, or a progray of which, a DNA molecule has 
been mtroduced foy means of recombinant DNA techniques. 

Transformation of a host cell wiQi DNA may be carried out by conventional 
techniques known to those skilled in tiie art. For example, when the host ceil is a 
eukaryote, methods of DNA transformation include, for example^ calcium phosphate 
co-precipitates, conventional mechanical procedures such as microinjection, 
electroporation, insertion of a plasmid encased in liposomes, and viral vectors. 
Eukaiyotic cells also can be cotransformed with invention nucleic acid sequences or 
fragments thereof, and a second DNA molecule encoding a selectable phenotype, as 
those described herein. Another mediod is to use a eukaryotic viral vector, such as 
simian virus 40 (S V40) or bovine papilloma virus, to transiently infect or transfomi 
eukaryotic cells and express the protein (see e.g., Rnkaryotic Viral Vectors^ Cold 
Spring Harbor Laboratory, Gluzman ed., 1982). When the host is prokatyotic ie.g,^ E. 
coli), competent ceils which are capable of DNA uptake can be prepared from cells 
harvested after exponmtiat gmwih phase and subsequently treated by the CaCb 
method using procedures well known in the art. Transformation of prokaryotes also 
can be performed by protoplast fiision of the host cell. 

h) anolher embodiment, the invention provides non-human transgenic animals 
having invention nucleic acids. As used herein, the term "animal," when modified by 
the term "transgenic,'* refers to an organism that reproduces sexually. Transgenic 
animals can be produced by methods known in the art. 

The term 'transgenic animal" refers to any animal whose somatic or gma line 
ceils bear genetic information received, directly or indirectly, by deliberate genetic 
manipulation at the subcellular level, such as by microinjection or infection with 
recombinant virus. The term 'transgenic" further includes cells or tissues (/.e,, 
^transgenic cell," 'transgenic tissue") obtained from a transgenic animal genetically 
manipulated as described herein. In the present context, a 'transgenic animal" does 
not encompass animals produced by classical crossbreeding or in vitro fertilization, 
but rather denotes animals in which one or more cells receive a recombinant DNA 
molecule. Invention transgenic animals can be either heterozygous or homozygous 
with respect to the transgene. Methods for producing transgenic animals are well 
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known in the art (see for example, U.S. Patent Nos. 5,72 K367; 5,695,977; 5,650,298 
and 5,614,396). 

Preferred transgenic animals contain the transgene integrated into germ cells. 
Transgenic animals having a liansgme integrated into germ cells have the ability to 
^ transfer the transgene to ofi&pring. If such ofi&pring in &ct possess some or all of the 
transgene, thm they, too, are transgenic animals. Homologous recombination is one 
mechanism in which a transgene is stably inserted into the genome. Although it is 
tisrther preferred Aat the transgme be integrated into the animal's chromosome, tiie 
present invention also contemplates the use of extrachromosomaily replicating 
sequences containing a transgene, such as those similar to yeast artificial 
chromosomes. 

In the transgenic animals described herem, the transgene encodes a substituted 
poi)pq>tide, such as CFTR, for example, or a pq>tide having an AFT sequence. A 
pardcularty useful transgenic would be an animal that exhibits characteristics of cystic 
fibrosis (e.g., that expresses an export-incompetent CFTR) which has been 
transformed with a transgene encoding a substituted CFTR or a polypeptide having an 
AFT sequrace. Expression of the transgene can cause animal cells, such as air 
passageway epidielial cells or pano-eatic ceils, to increase CFTR expression on the 
cell surface. Animals that express otiser export-incompetent polypeptides can be 

2 0 transformed with a polypeptide having an AFT sequmce, which can induce or 

increase intracellular transport of the export-incompetent cell sur&ce polypeptide or 
secreted polypeptide. Alternatively, transgenic animals transformed with an antisense 
nucleic acid capable of inhibitmg translation of an ER retention &ctor can exhibit 
increased exjKxrt of export-incomp^nt or other proteins that utilize the intracellular 

2 5 transport pathway. Any animal that can be produced by transgenic technology is 

included in the inventicHi, although mammals are preferred which include non4iuman 
primates, sheep, goats, horses, cattle, pigs, rabbits, and rodents such as mice, guinea 
pigs, hamsters, rats and gerbils. 

Invention polypeptides can be used to generate additional reagents, such as 

2 ^ antibodies. Thus, in accordance with the present invention, antibodies that bind to 
CFTR polypeptides having substitutions as set forth herein, fiagments thereof and 
polypeptides having an AFT sequence are provided. Antibody comprising polyclonal 
mitibodies, pooled monoclonal antibodies with different epitopic specificities, and 
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distinct monoclonal antibody preparations, are provided. The invention antibodies can 
be used in di^ostic methods, purification methods and in the treatment methods, as 
disclosed herein. 

The term "antibody" includes intact molecules as well as fragments thereof, 
such as Fab, F(ab')2, and Fv which are capable of binding to an epitopic determinant 
present in an mvention polypeptide* Other antibody fragments are included so long as 
the fragment retams the ability to selectively bind with its antigen. 

As used ho^ein, the term "epitope" refers to an antigenic determinant on an 
antigen to which the paratope of an antibody binds. Epitopic determinants usually 
consist of chemically active surfece groupings of molecules such as amino acids or 
sugar side chmns and usually have specific tiiree dnnensional structural 
characteristics, as well as specific charge characteristics. Generally, epitopes have at 
least five contiguous amino acids. 

Antibodies that bind to invention polypeptides can be prepared using intact 
polypeptide or small peptide fragments thereof as the immunizmg antigen. The 
polypeptide used to inununize an animal is derived from translated DNA or 
diemically synthesized, if desired, can be conjugated to a carrier protein. Such 
commonly used carriers that are chemically coupled to the immunizing peptide 
include, for example, keyhole limpet hemocyanin (KLH), tfiyroglobulin. bovine serum 
albumin (BSA), and tetanus toxoid. 

Monoclonal antibodies are made by methods well known to those skilled in 
the art (Kohler ei al., Naiure 256:495, 1 975; and Harlow et al., Antihnrii^Q- a 
I,nhoraror>'MamTal . p^e 726, Cold Spring Harfjor Pub., 1988). Briefly, monoclonal 
antibodies can be obtained by injecting mice with a composition comprising an 
antigen, verifying the presence of antibody production by analyzing a serum sample, 
removing the spleen to obtain B lymphocytes, fiising the B lymphocytes with 
myeloma cells to produce hylnidomas, cloning the hybridomas, selecting positive 
clones tfiat produce antibodies to the antigen, and isolating the antibodies from the 
hybridoma cultures. Monoclonal antibodies can be isolated and purified from 
hybridoma cultures by a variety of well-established techniques which include, for 
example, affinity chromatography with Protein-A Sepharose, size-exclusion 
chromatography, and ion-exchange chromatography (see e.g., Coligan et a/., 
"Production of Polyclonal Antisera in Rabbits, Rats, Mice and Hamsters,'" in: (Current 
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Protncols in fmmiinnlney sections 2.7.1-2.7.12 and sections 2.9.1-2.93; and Barnes et 
al, ^'Purification of Immunoglobulin G GgGV* in: M^hnHc in M oWniar i^\rAr.^ 
Vol. 10, pages 79-104, Humana Press, 1992). 

The prqjaration of polyclonal antibodies is well-known to those skilled in the 
art (see, e.g.. Green et <d,, "Production of Polyclonal Antisera," in: fmTniinnr.h^i^ni 
Pmrnrols, pages 1-5, Manson, ed., Humana Press, 1992; Harlow et al, 1988, ^ra; 
and Coligan et a/., 1992, supra, section 2.4.1). 

Antibody ftagments (e.^.. Fab, F{ab')2, and Fv) of the present invention can be 
prepared by proteolytic hydiols^is of the antibody, for example, by pepsin or papain 
digestion of whole antibodies. 

In accordance with the present invention, there are provided methods for 
identifymg a tiierapeutic agent for treating cystic fibrosis. A method of tiie mvention 
comprises contacting a cell expressing an export-incompetent CFTR with a test agent 
under conditions allowing an interaction between the agent and a fector mediating or 
contributing to export-mcompetence, and determining whetfier the agent increases flie 
amount of export-incompetent CFTR on the cell surface, where an increased amount 
of CFIH on the cell sur&ce identifies a therapeutic agent for treating cystic fibrosis. 
Particular export-mcompetent CFTRs that m^ be used include AF508 and R1066C. 

In anotiio* embodunent, the invention provides methods for identifying an 
agent tiiat mduces or increases transport of an export-incompetent protem. A method 
of flie invention comprises contacting an export-incompetent protein with a test agent 
under conditions allowing an interaction between the agent and a factor mediating or 
contributing to export-incompetence, and detomining whetiier the ^ent increases tiie 
amount or the rate of protein transported, where an mcreased amount of the protein 
transported identifies an agent that induces or increases transport of an export- 
mcompetent protem. In one aspect, the metiiod is performed using a cell expressmg 
an export-incompetent protem. In another aspect, the method is performed in vitro. 
In certain additional aspects, the export-incompetent protein is a cell surfece protein, a 
$eGr^ protein, a lysosomal protem or an endosomal protein. Such in vitro assays 
are described, for example, in Zhang et al, rNfatStmrrt 5:180-183 (1998)) 

As used h^em, the terms ^transport" or "intracellular transport" describes fte 
movement or progression of a molecule along the ER-golgi pathway. Thus, an 
induction or increase in 'transport" means that the protein is transported irom the ER 
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to the cis-golgi, or beyond, e.g-, to the medial-golgi, to the trans-golgi, to the cell 
surfiu^e or^ as appropriate, secreted or, to the endosome or lysosome. It is specifically 
intended that the vsrni transport involve movement from any point within the pathway 
to any point within tifie pathway. Preferably, an agent that induces or increases 
transport will promote mov^ent of the protein to its final destination. For example, 
an agent that mduces or increases CFTR transport will promote movement from the 
£R U) the cell sur&ce. Thus, an ""increased rate of transport'' or an "increase in the 
rate of transport" means that the time needed for transport is decreased and an 
'"increase in an amount transported" means that the amount of protein transported is 
greater. 

In the m^ods of the invention for identifymg a therapeutic agent for treating 
CFTR, or for identifying an agent that induces or increases transport of an export- 
incompetent protein, an increase in an amount of the protein on the ceil sur&ce or an 
increase in an amount of protein transported will be detected. Various detection 
methods can be employed. For example, to detect an increase in an amount of protein 
on the cell surface, immunostaining with a specific antibody (e.g., anti-CFTR, M3A7), 
or direct visualization (e.g,, a CFTR-GFP fiision) as disclosed herein, can be 
employed. Additional methods useful for determining whether there is an increase in 
ceil sur&ce protein included cell panning. In cell panning assays, plates are coated 
with an antibody that binds to the cell sur&ce protein. The number of cells that binds 
to the antibody coated plate corresponds to an amount of protein on the cell surface. 
To detect an increase in an amount of protein transported, mediods that detect an 
increased amount of protein on the cell surface can be employed. Additionally, as 
disclosed herein, protein transport can be detected by the acquistion or removal of 
particular oligosaccharide chains. For example, endoH resistant oligosaccharide 
chains are acquired in the golgi. Thus, detection of endoH resistant chmns provides a 
means with which to detect transport of protein from the ER to golgi. Later stages of 
transport (e.g., trans-golgi) are associated with the removal or addition of particular 
oligCKiaccharides from proteins. Hius, other glycosidases, such as endoglycosidase F, 
neuraminindase and the like can be used to detect wheth^ an increase in protein 
transport to later stage,s such as the trans-golgi, for example, occurs. Such enzymes 
are commercially available (e.g., Boehringer Manheim Biochemicals. Indianapolis* 
IN) or are otherwise known in the art. 
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Polypeptide sequence motifs tiiat mediate or contribute to £R retention of 
export*incompetent CFTR are disclosed herein. When cells tiiat express export- 
incompetent AF508 CFTR are treated with poiypq)tides having a sequence motif such 
as R-X-R, an increase in CFTR transport from the ER to the cell surface is observed 
(see for example. Figure 4). 

Thus, in accordance with the preset invention, there are provided methods for 
treating cystic fibrosis. A method of the invention comprises administering to a 
subject a pharmaceutical formulation comprising a polypeptide having an arginine 
framed peptide sequence in an amount effective for treating cystic fibrosis. In one 
aspect, the subject expresses an export-incompetent CFTR, such as AFS08 or R1066C 
CFTR. In anotiier embodiment, a metiiod of the invention comprises administering to 
a subject a pharmaceutical formulation containing a CFTR, wherein at least one 
arginme of tiie arginine framed peptide sequence is substituted witii an amino acid, in 
an amount effective for treating cystic fibrosis. The substituted CFTR can be wild- 
type CFTR, mutated CFTR, can be fiirther modified, and can be encoded by a nucleic 
acid sequence, as disclosed herein. For example, a nucleic acid encoding a CFTR 
polypeptide having <Hie or more amino acid substitutions of an R-X-R sequence can 
be administered to a subject afflicted with CF in ord^ to treat CF. Otiier CFTR 
mutant sequences are known mcluding, for example, AI507, N1303K, SS49I, SS49R, 
A559T, H139R, G149R, 01920, R258G, S949L, H949Y, H1054D, G1061R, 
L1065P, R1066C, R1066H, R1066L, Q1071P, L1077P, H1085R, W1098R, MllOlK, 
Ml 1 OIR, and can similarly be modified or substituted as set forth herein. 

The fact tiiat otiier proteins destined for the intraceiiular transport pathway 
frequmtly exhibit export incompetency due to mutations, or other factors, indicates 
that the transport of such export-incompetent polypeptides can be induced or 
increased by treating with a poiypqstide having an AFT sequence. Accordingly, 
physiolDgicai disorders associated with export-incompetent proteins can similarly be 
treated. 

Thus, in accordance with the preset invention, there are provided metiiods for 
treating a subject having a physiological disorder associated with an export 
incompetent protein. A method of the invration comprises administering to the 
subject a pharmaceutical formulation comprising a polypeptide having an R-X-R 
sequence in an amount effective for treating a physiological disorder associated with 
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an export-incompetent protein. In one aspect, the polypeptide has at least four amino 
acids or, in another aspect, at least seven amino acids. In certain other aspects of the 
invention method, the export incompetent protein is a cell surfece protein, a secreted 
protein, a lysosomal protein or an endosomal protein. 

Physiological disorders associated with an export mcompetrat protein that can 
be tt-eated in a method of the mvention mclude, for example, Stargardt's disease and 
particular types of macular dystrophy caused by mutations of the retinal rod 
trmspOTter,ABC-R, resulting in deficiency of ER export Additional candidate 
physiological disorders associated with various other ABC (adenine-nucleotide 
binding cassette) proteins. 

The methods for treating a subject havmg a physiological disorder associated 
witii an export incompetent protem can be practiced with the invention polypeptides 
having an AFT sequence based on the CFTR sequence, such as GYRQRLE, 
EYRYRSV, GQRARIS and QARRRQS. Alternatively, the methods can be practiced 
using polypeptides havmg AFT sequence, including flanking sequences, if desired, 
based upon the ammo acid sequence of the export incompetent polypeptide that 
causes or is associated witii the physiological disorder being tteated. In this way, 
increased specificity can be provided by using polypeptides having an AFT 
polypeptides sequence based on the polypeptide sequence. Increased specificity may 
decrease potentially deleterious side effects caused by inducing or increasmg ER 
export of unrelated polypeptides, for example, by inhibiting the interaction of an ER 
retantion factor with the unrelated protein thereby increasing its export. 

As the invention polypeptides and nucleic acids are useful for treating 
physiological disorders associated with an export-incompetent protem, includmg 
cystic fibrosis, the present invention also provides pharmaceutical foimulations 
comprismg invention polypeptides and nucleic acids. 

The compositions admniistered to a subject will be in a "phannaceutically 
acceptable" or **ph5«ioIogicaIly acceptable" formulation. As used herein, tiie teims 
**pharmac«itically acceptable" and ''physiologically acceptable" refer to carriers, 
diluents, excipients and the like that can be administered to a subject, preferably 
without exc^sive adverse side effects {e.g., nausea, headaches, etc.), Sudi 
preparations for administration include sterile aqueous or non-aqueous solutions, 
suspensions, and emulsions. Examples of non-aqueous solvents are propylene glycol, 
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polyethylene glycol, vegetable oils such as olive oil, and injectable oi^ic esters such 
as ethyl oleate. Aqueous carriers include water, alcoholic/aqueous solutions, 
emulsions or suspensions, including saline and buffered media. Vehicles include 
sodium chloride solution. Ringer's dextrose, dextrose and sodium chloride, lactated 
Ringer's, or fixed oils. Intravenous vehicles include fluid and nutrient replenishers, 
electrolyte replenishes (such as those based on Ringer^s dextrose), and the like. 
Preservatives and other additives may also be present such as, for example, 
antimicrobial, anti-oxidants, chelating agents, and mert gases and Ae like. Various 
pharmaceutical formulations appropriate for administration to a subject known m the 
art are applicable in the metfiods of the invention Remington's Pharmaceutical 
Scicaices, ISA ed.. Mack Publishing Co., Easton, PA, 1990 and The Merck Indcsc, 
12th ed., Mm^ Publishing Group, Whitehouse, NJ, 1996). 

Controlling the duration of action or controlled delivery of an administered 
composition can be achieved by incorporating the composition into particles or a 
polymeric substance such as polyesters, polyamine acids, hydrogel, polyvinyl 
pyrrolidone, ethylene-vinylacetate, methylcellulose, carboxymethylcellulose, 
protamine sulfete, or lactide/glycolide copolym^ polyiactide/glycolide copolymers, 
or ethylenevinylacetate copolymers. The rate of release of Ae composition may be 
controlled by altering the concentration or composition of such macromolecules. For 
example, it is possible to entrap an AFT sequence in micro-capsules prq)ared by 
coacervation techniques or by mterfacial polymerization, for example, by the use of 
hydroxymetiiylcellulose or gelatin-microcapsules or poly(methylmethacrolate) 
microcapsules, respectively, or in a colloid drug delivery system. Colloidal dispersion 
systems include macromolecule complex^ nano-capsules, microspheres, beads, and 
lipid-based s>^tenis including oil-in-water emulsions, micelles, mixed micelles, and 
liposomes. 

The compositions administered by a method of tiie invention can be 
administered parenterally by injection or by gradual perfiision ovo^ time. The 
composition can be admmistered via inhalation, intravenously, intraperitoneally, 
intramuscularly, subcutaneously, mtracavity, or transdermally, and preferably is 
administered intravascularly. The compositions can be administered in a single dose, 
or multiple doses. The doses n^ed for treating a physiological disoirfer associated 
with an export-incompetent protem will be sufficient to ameliorate some or all of the 

30 



wo 01/03722 



PCT/USOO/40324 



symptoms of the disorder. Such dosages canreadily be determined by those skilled 
in tiie art (see for example, Ansel et al. PharmarwTrtcaf nmg ni>i ivery siygfrftmc 5th 
ed, (Lea and Febiger (1990), Gennaro ed.). 

The AFT polypeptides increase export incompetent CFTR cell sur&ce 
expression. Althou^ not wishing to be bound by any particular theory, it is 
reasonable to assume that the mechanism by which the AFT polypeptide sequence 
mcreases export is by competitively inhibiting binding of an ER retention factor to its 
recognition site. As used herein, the tscm **ER r^ention fector" refers to any 
biological molecule, such as a protefai, macromolecule, macromolecular machinwy or 
organelle that mediates or contributes to a protein's r^ention in the ER, as assessed by 
an inability or delay in active or passive export or egress of the protein from Ae ER. 

It is possible tiiat such an ER r^ention fector may also recognize signals other 
than an AFT. Thus, even though an export-incompetent protein lacks an AFT 
sequence, polypeptides having an AFT sequence may still competitively inhibit an ER 
retention factor thereby inducmg or increasing transport of a protein that does not 
have an AFT sequence. 

Thus, in anotiier embodiment, the mvention provides methods for inducing or 
increasing intracellular transport of an export-inccmipetent pix)tein in a cell. A m^od 
of the invention comprises contacting a cell with a composition comprismg a 
polypeptide having an R-X-R sequence in an amount suflScient for inducing or 
enhancmg intracellular transport of the export-incompetent protein. In one aspect, the 
export-incompetent protein has an AFT sequence. In certain other aspects, the export 
incompetent protein is secreted or is a cell sur&ce protein. 

Any cell can be employed m a m^od of the invention for identifying a CF 
ther^utic agent or for identifying an agent tijat induces or increases transport of an 
^port-mcompetent protein, so long as the cell expresses or is made to express an 
export-incompetent protein. 

In another embodiment, there are provided methods for identifying an agent 
that inhibits or disrupts an interaction between an R-X-R polypeptide and an ER 
retention &ctor. A mediod of the invention comprises incubating an R-X-R 
polypeptide and an ER retmtion fector under conditions allowing their mteraction; 
adding a test agent to the incubation; and detecting binding between said R-X-R 
polypeptide and said ER r^ention fector, where decreased binding in the presence of 
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the test agent identifies an agent that inhibits or disrapts an interaction between an R- 
X-R polypeptide and an ER retention factor. 

As used herein, the term "incubating'' refers to conditions that allow the 
contact, binding or interaction between a potypeptide, functional fragment or 
polynucleotides encodmg same and the test agent. The term "contacting" as used 
herein includes in solution, in solid phase, in cells and in an animal. 

A therapeutic agent for treating CFTR or ofter physiological disorders 
associated with an ^sport-incompetent protein, as well as a^ts that induce or 
increase ttansport of an export-incomp^Mt protein and agents Aat inhibit, prevent or 
disrupt the interaction between an R-X-R polypeptide and an ER retention fector can 
essentially be any molecule. Gently the agmt will be a small organic molecule 
(e.g., a peptide) wqjable of intMcting witfi either an ^propriate polypeptide or ER 
r^ntion &ctor such that the agent competitively or non-competitively inhibits, 
interferes with or antagonizes, partially or completely, the uiteraction. An example of 
a competitive ant^onist would be an agent that binds to an ER retention fector at the 
site of interaction with the polypeptide that subsequently prevents int^ction with llie 
poljpeptide. Alternatively, a competitive antagonist can bind to an ER retention 
signal presCTt on a polypeptide, sudi as an AFT, wi A which the ER reteition fector 
interacts, therd>y preventing or inhibiting its mteraction with an ER retention fector. 
An example of non-competitive antagonist would be an agent that bmds eitha* an ER 
retention fector or a polypeptide containmg an appropriate retention signal, but does 
not prevent or inhibit its mteraction. Neverflieless, such a non-competitive antagonist 
prevents or mhibits ER retention of the cOTiplrac, tfiereby promotmg export. 

Although such agents will generally dhectly mteract with the ER retention 
factor or tfie polypeptide witfi which tiie ER retention fector interacts, agents that 
function indirectly also are contemplated. For example, an indirect agmt may activate 
or increase an interaction between a polypeptide and a factor that contributes to or 
mediates ER export, thereby mducing or mcreasmg transport from the ER 

Further included are ag^its that fimction through any enzymatic interaction in 
which tiie agent direcfly or indirectly performs a biodiemical modification (e.g., 
phosphorylation) of tiie polypeptide or ER r^ntion factor that results in inhibiting or 
blocking ER retention. For example, post-translational modification of an amino acid 
sequence near an AFT sequence may prevent or inhibit its interaction with an ER 
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retention fector. Tlius, a^ts that directly or indirectly alter polypeptides, such as to 
increase or decrea^ phosphorylation, ubquitlnation, glycosylation, proteolytic 
cleavage and the like are therefore included* 

AFT polypeptides also can be employed to identify an ER retention factor. 
Thus, tile invention further provides a method for identifying an ER retention fector. 
A method of the invention comprises contacting a composition suspected of 
contaming an ER retention factor with a polypeptide havmg an R-X-R sequence under 
conditions allowing tfieir interaction and detectmg bindmg b^een the factor and the 
polypeptide, tfiereby identifymg an ER retention fector. The mediod can be perfoimed 
in vitro. The method also can employ polypeptides havmg various lengtfis as set fordi 
herein. Specific polypeptides include GYRQRLE, EYRYRSV, GQRARIS and 
QARRRQS. 

In various other embodiments, the invention also provides methods for 
inhibiting degradation of a protem in a ceiL A method of the invention comprises 
contacting a cell with a polypeptide having an R-X-R sequence in an amount 
sufficient for mhibhdng degradation of a cell surface or secreted protein. The 
invCTtion also provides mediods for detectmg the presence of an export-mcompetent 
j»otein in a celL A method of the invention comprises contacting a cell with a 
polypeptide having an R-X-R sequence and detecting the intracellular tranqjort of the 
protein. The various a^ys for detectmg transport have been set forth herein, using an 
wzymes, such as endogiycosidases, cell surfece immunolabeling etc. Such methods 
are equally applicable in a method for detectmg the presence of an export-incompetent 
protein in a cell. 

In accordance with the present invention, there are provided kh:s for treating 
aibjects having or suspected of having a physiological disorder or condition 
associated with an export-incompetent protein. A kit of the invention contams one or 
more AFTs or a polypeptide containing an AFT sequence, and a label or packaging 
insert for treating a physiological disorder associated with an export-incompetent 
protein as set forth herein in suitable packaging material, fa various aspects, the kits 
contain R-X-R tripeptides, preferably polypeptides having an R-X-R sequence at least 
4 amino acids long, more prefisrably polypeptides having an R-X-R sequence at least 5 
amino acids long, and most preferably polypeptides having R-X-R sequMce at least 6 
amino acids or longer. It is understood that any mvention polypeptide can be mcluded 
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in the kits of the invention. Particular embodiments include peptides having the 
sequences GYRQRLE, EYRYRSV, GQRARIS and QARRRQS. 

As used herein, the term '^packaging material" refers to a physical structure 
housing the components of the kit, such as mvCTtion polypeptides and nucleic acids- 
Hie packaging material preferably maintains the components sterilely, and can be 
made of material commonly used for such purposes (e.g., paper, corrugated fiber, 
glass, plastic, foil etc.). The label or packaging insert indicates that the kit is to be 
used in a method of the invention, for example, for treatit^ CF. 

As disclosed herein, the substitution of wild-type CFTR arginme fiamed 
peptide sequence or otiier signaling motife in tfie C-termmal extension domain may 
increase transport of tiie substituted wild-type CFTR over unsubstituted wild-type 
CFTR. Thus, an amount of CFTR transported to tiie cell surface can be increased by 
such substitutions, even m an «port-competent wild-type CFTR. Accordingly, it is 
contemplated that substituted polypeptides that utilize the intracellular transport 
pathway can be produced in gr^er amounts than unsubstituted polypeptides by virtue 
of this increased transport. For example, secretion of a recombinant polypeptide can 
be increased by substituting an arginine framed peptide or one of the C-terminal 
extension moti& in the protein. 

Thus, in accOTdance with tiie present invention, tiiere are provided metiiods for 
increasmg the biological production of recombinant polypeptides. A method of the 
invention comprises transformmg a host witii a nucleic acid encoding a recombinant 
polypeptide having a substituted arginine ftamed peptide sequence under conditions 
allowing production in an amount greater than unsubstituted polypeptide, thereby 
increasing biological production of tiie recombinant polypefftide. 

As used herein, the term "biological production" refers to tiie production of a 
polypeptide by a living cell, tissue, organ or entire organism, such as an animal. The 
methods of the invention for increasing the biological production of useful 
polypeptides can be applied to naturally occurring cell surfece, secreted, endosomal or 
lysosomal polypeptides. Additionally, the production of polypeptides engineered to 
utilize tiie intracellular transport pathway, by attaching an intracellular transport 
targeting sequence, for «ample, can similarly be increased. 

Unless otherwise defined, all technical and scientific terms used herein have 
the same meaning as commonly understood by one of ordinary skill in tiie art to which 
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this invention belongs. Although methods and materials similar or equivalent to tfiose 
described herein can be used in the practice or testing of the present invention, 
suitable methods and materials are described below. All publications, patent 
applications, patents, and other references mentioned herein are incorporated by 
reference in their entirety. In case of conflict, the present specification, mcluding 
defmitions, will control In addition, the materials, methods, and examples are 
illustrative only and not intended to be limiting. 

Other fealures and advantages of the invmtion will be apparent from the 
following d^led description, and from the claims. The invention is ftirtha- 
described in the following examples, which do not limit the scope of tiie invention(s) 
described in the claims. 

RXAMPTFI 

This example shows that particular signaling motifs mediate or contribute to 
the export incompetent characteristic of AF508 CFTR. 

Inspection of the CFTR amino acid sequence reveals four arginine-fiamed 
tripeptide (AFT) sequCTces, one in the N-terminal cytoplasmic domain, two in the 
jSrst nucleotide-binding domain (NBDl) and one in the R-domain (Figure 1 A). 
Because of the sensitivity of CFTR to mis|nrocessmg due to missense mutations in its 
tgtoplasmic domains (Seibert, F. S et al. (1995) T Rinl rh^m 270:2158-2162) the 
most conservative substitutions of these triplets i.e. substitutions of a lysine for the 
arginine at position 1 or 3, were made (Figure IB). 

Each of the argfaiine to lysine substitutions were introduced into plasmids 
contaming eitficr the wild-type or AF508 CFTR sequences. Briefly, a fiilHen^ 
human CFTR cDNA m pNUT vector (Chang, X.-B. et al, (1993). T Rini rh^ 
268: 1 1304-1 1 3 1 1) was utilized as a template for site-dfrected mutagenesis 
(QuickChange Site Duiected Mutagenesis Kit, Stratagene, La Jolla, CA) by 
polymerase chain reaction (PCR) according to the manufecturer's recommaidation. 
The following oligonucleotides were used to introduce R29K, R516K, R555K and 
R766K into wild-type C3FTR cDNA. R29K: 

CAATTTTGAGGAAAGGATACAAACAGCGCCTGGAATTGTCAG and 
CTGACAATTCCAGGCGCTGTITGTATCCTTTCCTCAAAATTG; R516K: 
CCTATGATGAATATAAATACAGAAGCCTCATC and 
GATGACGCTTCTGTATTTATATTCATCATAGG; R555K: 
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GGAGGTCAACGAGCAAAAATTTCTTTAGCAAGAG and 
CTCHTGCTAAAGAAATTirrGCrCGTTGACCTCC; R766K: 
CTTCAGGCACGAAGGAAGCAGTCTCTCCTGAACC and 
GGTTCAGGACAGACTGCrrCCTTCGTGCTGAAa To combine four lysine 
substhxdions in one cDKA, the following fiagments were prepared: Dra III - Kpn I 
fragment which contains part of wild-type CFTR cDNA from nt 3328 to 4721 and 
most of tiie pNUT expression vector; Kpn I - Afl n fragment which contains part of 
the pNUT expression vector and part of CFTR from nt 72 to 993 covering the R29K 
mutation; Afl n - Eka m fiagmmt from nt 994 to 1777 covering the RS16K 
substitution; Dra m - EcoR I frs^ent from nt 1778 to 2230 covering the RSSSK 
substitution; and EcoR I - I>ra HI fragmmt from nt 2231 to 3327 covmnglhe R766K 
substitution. These five fragments were ligated together to generate full length CFTR 
cDNA in pNUT (T4 DNA ligase. New England Biolabs, Beverly, MA). The 
sequences of the four fiagmrats covering these substitutions were verified afrer 
Insertion into the pNUT-CFTR. To combine the cystic fibrosis causing mutation^ 
AFS08, with each individual or all four of the above substitutions, the same strategy 
was utilized, except that pNUT-AFS08 CFTR was utilized as template. pNUT-AF508 
CFI1R/R29K was made by ligatmg the following three fragments togeth^, Kpn I - Afl 
n fragment which contams part of pNUT vector and part of CFTR fit>m nt 72 to 993 
covering the R29K substitution, AS II - Hpa I fragment from nt 994 to 2463 covering 
the AFS08 substitution, and Hpa I - Kpn I fiagmmt which contains the part of CFTR 
from nt 2464 to 472 1 and part of the pNUT vector. The sequences covering AF508, 
R29K, RS 16K, RSS5K and R766K wm verified afi^ insertion into the expression 
vector pNUT. 

Baby hamsta- kidney cells (BHK) cells grown at 37°C in 5% CCb were 
employed as hosts for CFTR expression as desmbed i»^iousiy (Loo et al. (1998) 
RMBO ,T 17:6879-6887; and Seibert, F. S et al. (1995) T Rlnl rHi>m 270:2158-2162). 
Subconfiumt BHK cells were transformed with the above wild-type or AF508 CFTR 
constructs using calcium phosphate precipitation (Chen, C, and Okayama, H. (1987) 
Mnl rftll Rifil 7: 2745-2752). After growth in selective media contaming 500 pM 
methotrexate, individual colonies were picked and amplified in the same selective 
media. 
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BHK cells were grown, collected and then lysed with 1% SDS; the DNA was 
sheared by cycling through a 22 gauge needle. Protein iysate (20 ^.g) firom the sample 
were then subjected to SDS-PAGE on 7% polyacrylamide gels. Protein was 
electroblotEed from the get to nitrocellulose membrane and Ihe membrane was probed 
^ whh a mouse anti-CFTR monoclonal antibody, M3A7 (Kartner, N. et al. (1992) NaL 
f^ftticg 1 :321-7). Chemiluminescent detection was performed according to the 
manu&cturer's reconmiendations (Pierce). 

For endoglycosidase H treatment, cell lysates were diluted with 10 volumes of 
bu£fer (50 mM sodium acetate, pH S.3, 0.5% Nonidet P-40, 1% p-mercaptoethanol 
plus a protease inhibitor misOure: 2 pg/ml aprotinm, 120 ^g/ml benzamidine, 
3.5 iH £64, 1 pLg/ml ieupepedn and 50 ivg/ml pefitbloc). This yielded a final SDS 
conc^tration of 0.1%. Samples were then incubated for 4 hr at 37^C with 10 mil of 
endoglycosidase H (Boehringer Mannheim). The reactions were stopped by addition 
of 4 volumes of cold ethanol (-20X) to precipitate the proteins. Precipitated proteins 
wc^e ih&i resuspended m gel loading dye and subjected to SDS-PAGE and 
immunoblotting as above. 

Western blots of BHK cell extracts revealed that these four R-^K substitutions 
individually or in combination did not dramatically change die steady state amounts of 
mature, fully glycosylated band (-170 kDa) or immature core-glycos34ated band 
(-150 kDa) of wild-type CFTR (Figure IC, lanes 1-6). Thus, synthesis and processing 
was not impaired by any of these mutations. In the case of AFS08 CFTR, howev^ 
striking changes were observed. Witiiout any additional mutation, it displs^ die usual 
doublet band pattmi v^th the same major core-glycosylated band (-150 kDa) as die 
wild-type plus a smaller band at -135 kDa (lane 7). The latter is missmg an N- 
terminal frs^ent of- 15 kDa due to alternative initiation of translation or a specific 
proteolytic clip and is much more prominent in mutants such as AF50S than in wild- 
type CFTR This band remains prominent in 3 of the 4 R— variants (R516K, 
R555K, R766K; lanes 9, 10, and 1 1 respectively) but not in R29K (lane 8) or hi "4RK 
(lane 12)J^ More significantiy, however, bands of lower mobility are produced by die 
R29K and 4RK variants (lanes 8 and 12). These are not identical in size but they 
appear to be at either edge of the In-oad band displayed by wild-type CFTR because of 
hetmgmeous N-glycosylation. The relative amount is greater in the 4RK 
combination mutant. 

37 



wo 01/03722 



PCTAJSOO/40324 



Endogiycosidase-H insensiti vity of these large bands fonned by the R29K and 
4RK versions of AF508 CFTR confirms that indeed their oligosaccharide chains have 
been extended by Golgi glycosyl transferases (Figure ID, arrowhead). Further 
evidence that these bands were present at the cell sur&ce came from their accessibility 
^ to an impermeant amino reactive biotinyiation recent added to intact cell monolayers. 
Therefore, substitution of one of the obligatory arginines, in the RQR triplet is able to 
partially overcome the mamration arrest of AF508; this effect is much more 
pronounced when similar substitutions are made in all four triplets. 

For cell surface biotinyiation studies, cells grown to about 90% confluency 

1 0 v/ere treated with 2 mM sodium butyrate for 1 S h to augment CFTR expression. 
Dish^ of cells were tihen placed on ice in a cold room for 30 minutes and ail 
subsequent steps were performed. Cells washed with PBS containing O.l mM CaCk 
and 1.0 mM MgCk* were labeled using 3 ml of 1 mg/ml £Z-Ludc Sulfo-NHS-SS- 
biotin (Pi^xe) in PBS, pH 8.0 for 30 minutes. Following washes in PBS + 1% BSA 

^5 and PBS, cells were incubated for 30 minutes in NP40 lysis buffer (0.09% NP40, 1 50 
mM NaCl, 10 mM NH4M0O4, 50 mM Tris-HCI, pH 7.4), scraped and transferred to 
microfiige tubes. Insoluble materials were removed by centrifiigation. Biotinylated 
proteins were then precipitated by incubation overnight with 50 id of padced 
immobilized streptavidin beads (Pierce). Beads were washed with RIPA buffer (0.1% 

20 SDS, 1% DOC, 1% Triton X-100, 150 mM NaCl, 50 mM Tris-Hcl, pH 7.4) and 

proteins eluted witii gel sample buffer for electrophoresis and Western blotting wi& 
M3A7 as detailed above. 

The results in Figure ID show that the mature band of substituted AF508 
CFTR (AF508/4RK) was accessible to the impermeant amino reactive biotinyiation 

2 ^ reagent added to the intact cell monolayers. These results confirm that substitution of 
AFTs can overcome the biosynthetic arrest of AF508 CFTR 



EXAMPTrETT 

Hiis example shows that export of substituted wild-type and AF508 CFTR 
from the endoplasmic reticulum and subsequent maturation is kinetically increased in 
comparison to unsubstituted wild-t^e and AF508 CFTR. 

Pulse chase studies were performed to determine the rate at which maturation 
occurred m the arginine*framed triplet substituted wild-^e and AF508 CFTR 
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polypeptides (Figure 2). Briefly, cells expressing unsubstituted and substituted wild 
type or AF508 CFTR were starved for 30 minutes by incubation in methionine-free 
medium and then labeled for 20 minutes with 100 )iCi/mi of ^^S-methionme (> 800 
Ci/nunoi; Amersham). Cells were lysed at the end of the labeling period (0 chase 
^ time) or were further incubated in complete medium containing 5% fetal bovine 
serum and 1 mM mediionine for the indicated times (chase). Cells were collected 
and lyscd witii tiie NP40 lysis buffer described above and centrifuged at 15,000 x g for 
IS mm at 4®C to obtsun a soluble supernatant which was incubated overnight with the 
M3 A7 primary antibody. Protein G-agarose (Gibco-BRL) was then used to remove the 
complexes formed which were washed four times with RIPA buffer, dissolved in 
electrophoresis sample buffer, and subsequently fractionated on SDS-7% aciylamide 
gels. Following fractionation, tiie gels were fixed in 30% methanol and 10% acetic 
acid, equilibrated in IM sodium salicylate and dried for fluorography. Electronic 
autoradiognq3hy was performed with a Packard Instant Imager. Conversion of ^^S- 
methionine pulse labeled precursor form of CFTR (time 0) to mature product after 
chase times (1, 2, 3 and 5 hour) are indicated. 

At the end of tiie 30 min pulse (0 min), maturation of the wild«4ype CFTR 
precursor substiti:^ with four Ij^ine substitutions (wild-^sqseAIRK) was already 
evident. In contrast, no maturation for unsubstituted wild-type CFTR was obs^ed at 
tile end of the pulse (compare Figure 2A to 2B). 

Conversion of the substituted AFS08/4RK CFTR precursor to mature endoH 
resistant oligc^accharide chains is readily apparent whereas with AFS08 CFTR, there 
is no conversion of die core*glycosyiated precursor to any high^ molecular weight 
product (compare Figure 2C to 2D). Electronic autoradiography of die same dried 
gels indicated that approximately 10% of the radioactivity in the pulse-labeled 
immature AF508/4RK band (0 time) was preset in the larger mature band after 4 h of 
chase (Figure 2D). This compares witii ^-30% conversion of precursor to product in 
the case of wild-type CFTR. Hence, the extent of maturation of AFS08/4RK viewed in 
this way is generally similar to the steady-state proportion reflected in die 
immunoblots (Figure IC). Furthermore, substitution of all four AFTs markedly 
decreased degradation and promoted maturation of AFS08. 
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These results indicate that the rate of ER export of export-competent and 
export-incompetent polypeptides such as CFTR can be increased by substitution of 
AFT sequences as set forth herein. 

EXAMPT,F,m 

This example shows that increased maturation of substituted wild-type and 
AF508 CFTR can be observed directly in ceils. 

Immunofluorescence microscopy in cells expressing AF508 CFTR was 
performed using the hi^ly specific monoclonal antibody, M3A7 (Kartner et al., 1992, 
supra). Briefly, transformed cells were grown on covarslips, fixed in 70% cold 
metfianol at -20X for 10 minutes, blocked usmg 1% BSA and 5% normal rabbit 
serum in PBS and were permeabilized by incubatmg in PBS + 0.1% saponin for 1 h at 
4*'C- CFTR was detected by incubation with 10 jig/ml of M3A7 primary antibody for 
60 min at room temperature. Rhodamme linked rabbit anti^ouse secondary antibody 
(DAKO) was diluted 1 :50 in the same blockmg solution for a further 1 h incubation. 
Photomicrografdis were made using a Diagnostic Instrummts Spot Cam digital 
camera on a Nikon Microphot-FXA microscope. 

The results in Figure 3 mdicate Aat four R-^K substitutions of wild-type 
CFTR does not alter its normal distribution, with pmnuclear staining indicating EEL 
localization of the inamature CFTR in addition to strong uniform staining of mature 
CFTR over the entire cell surfece (Figure 3 A and 3B). Perinuclear staining only was 
observed m cells expressing AF508 CFTR mdicating ER retention (Figure 3C). In 
contrast, there is extension of the staining more peripherally in cells expressing 
AF508/4RK CFTR (Figure 3D). Although there is still less peripheral stainmg for 
AF508/4RK CFTR than for wild-type CFTR, tfiis is expected based upon the relative 
amounts of tiie mature CFTR with compl« oligosaccharide chains (Figure IC and 
Figure 2). 

This example shows that polypeptides containing an AFT sequence can induce 
or enhance trrasport of export incompetent AF508 CFTR fix>m the endoplasmic 
reticulum to the cell sur&ce. 
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Heptamer peptides including two residues from Ae CFTR sequence on either 
side of Ae AFT were synthesized (Molecular Biology Core of the Mayo Clinic, 
Rochester, MN). BHK cells expressing tiiher wild-type or AF508 CFTR-GFP fiision 
protein (Loo et al., 1998, supra) were allowed to take up a mixture of the heptamers 
^ by scrape loading (Malcofan et al., (1996) T Rini ni^m 271 :1313S-9) and plated on 
cov^ slips for visualization the next day using a fluorescence microscope with an 
Fire filter. Localization of wild-type CFTR-GFP fusion with or without exposure to 
heptamers was the same as antibody staining of wild-Qpe CFTR. Cells expressmg the 
AFS08 CTTR-GFP fiision protem in the absence of heptamers also exhibited the same 
^ ^ perinuclear clustering as was observed with antibody staining of unfiised AF508 
CFTR. In contrast, hq>tamertreatm«itofceils«pressing the AF508 CFTR-GFP 
fiision protein exhibited more peripheral fluorescence staining, 
f The results in Figure 4 show ftat an AFT sequence can competitively inhibit 

recognition of AFT containing nascent po^ipeptides tii^by inhibiting ER retention 

1 5 an^j promoting transport of polypeptides containing AFT sequence firom the 
H endoplasmic reticulum. 

^ This example shows that the R— >K substitutions result in a functionaliy active 

fy 20 AF508 CFTR at fte cell surfece. 

W^ld-type and AFS08 CFTR expressing cells with each of tiie mdividual RDK 
substitutions, or all four lysine substitutions were grown to confluence in six well 
culture dishes. The cells were wadied with a modified Ringer's buffer solution (136 
niMNaiNOj,3niMKNO3,2mMCa(N03)2,2mMMg(NO3)2, lOmM glucose and 20 

2 5 mM HEPES, pH 7.4) and loaded for 60 min at room temperature with the same buff^ 

supplemented with 1 |iCi Na^^Cl (Amersham) in a volume of 0.S mi per well. Weils 
were then washed three times at one min intervals. Samples (0.5 ml) were then 
collected at 1 mmute intervals for scintillation counting witfi stimulation occurring at 
time 0 by adding buffer containing 1 mM IBMX, 10 pM Forskolin and 100 nM 
^ ^ dibutyryl cyclic AMP. Hie 0.5 ml samples were collected into 24 well Top Count 
plates (Packard) and 1 ml of Microcint 40 scintillation cocktail (Packard) was added. 
^^Cr radioactivity was determined in a Packard Top Count scintillation counts. 
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The influence of each of fte R— substitutions on the cAMP stimulated 
efflux of ^Cr fiom wild-type or AF508 CFTR ^pressing cells loaded with ^^CY 
anion is shown in Figure 5 A. Withm 3 minutes of cAMP stimulation there was a 
maximal rate of efQux frcmi all cells ^pressing wild-type CFTR with or without any 
^ or all of the R— mutants. No detectable increase in efflux rate from cells 

expressing AF508 CFTR alone or with 4e R5 16K, R555K or R766K sutetitution was 
observed. In ceils expressing AF508/R29K, low rates of '^CF efflux occurred at 
delayed tones afi^ stimulation. In cells expressii^ AF508 CFTR combined with all 
fcmr R-^K substitotions (4RK) the masdmal rates of efflux observed were more than 

^ ^ half as rapid as tiiose from cells ^pressing wild-^e CFTR, confirming that mature 
AFS08/4RK CFTR does &nction at the cell sur&ce. 

To further characterize the CF channel activity, membrane vesicles were 
isolated from cells expressing wild-type, wild-type/4RK and AF508/4RK CFTR, 
fused with planar lipid bilayers and single channels were recorded (Aleksandrov, A. 

^5 A., and Rionlan, J. R. (1998) fpr^Tj^ 431:97-101). Vesicles were prepared and 
I^osphoiylated with PKA as described previously (Aleksandrov and Riordan, 1998, 
supra). Briefly, planar lipid bilaym were painted onto a 0.2 mm hole drilled in a 
Teflon cup using a i^osphoiipid solution in n-decane containing a 2: 1 mixture of I - 
painutoyl-2-oleoyl-jr7i-^ycero-3-pho^hoethanolaniine and l-pabmtoyl-2-oleoyi-^- 

^ ^ glycero-3-phosphoserine (20 mg^ml). The lipid bilayer separated 1 .0 ml of solution in 
the Teflon cup (m-side) from 4.0 ml of solution in an outer glass chamb^ (trans- 
side). Both chambers were magnetically stirred and tfaermostated. Heating and 
temperature ccmtrol were established using a T^perature Control System TC2BIP 
(Cell MicroControls). Electrical cont^ with die solutions was provided by Ag/A^l 

2 5 electrodes through bridges filled with 0.5 M KCL The mmibrane potential 

difference was measured as the difference b^een trans and cis side potentials. The 
trms side was grounded and electrical measurements of the single chani^l current 
were p^ormed under voltage clamp conditions using an Axopatch 200B (Axon 
Instruments) amplifier. The output signal was filtered with an 8-poie low pass Bessel 

30 Filter IPBF-48IXj(>3PI Electronic GmbH) widi cut offfi^uMcyofSO Hz and 

recorded on m^etic tape using a VR-lOB Qnstrutech Corp.) digital data recorded on 
a Sony SLV-440 VCR. For data analysis, the signal was digitized (Digidata 1200; 
Axon Instruments) with a sampling rate of 500 Hz and analyzed using pCLAMP 6.0 
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(Axon Instruments) software. Origin 4.0 (Microcal) ^ftware was used to fit all points 
histograms by mulli-peak Gaussians. Membrane vesicles were prqihosphoiylated with 
PKA and added as a concentrated stock solution to the cis side to obtsun a final protein 
concaitration of 10-lS fig/mL Measurements were made in symmetrical salts 
5 solutions containing, in mM: 300 Tris-HCl, 2 MgCI, 1 EGTA, pH = 7.2, at a 
membrane potential of -75 mV. MgATP (2 mM) was added to the cis side only. 
Under these conditions any cationic channels present m tfie membrane vesicles are 
invisible and CFTR chloride channels appeared only after fusion of vesicles widi an 
inside out orientation. Conductances for wild-^Qqpe, wild*type/4RK and AFS08/4RK 

?!■ P were 10.7, 10.8, and 10.7 pS, respectively. Mean open times xo ww 230, 1400, and 
700 msec respectively. Short mean closed times Xci were 10 msec in eadi case. Long 
mean closed times tb2 were 680, 2000, and 2800 msec, respectively. Conductance as a 
fimction of CI* concentration and temperature as well as anicm selectivity of the CFTR 
ion channel were tested m control ^cperiments showing good agieement with 

15 published data (Tabcharani, J. A et al. (1997) T Phyglnl 1 10:341-54). 

Compared with wild-Q|)e single channels which exhibit an open probability of 
- 0J5 at 25^, channels generated by wild-type/4RK had a high^ mean open 
(Hobability of - 0.61 (Figure SB). Thus although tiie gating kmetics are somewhat 
altered with both mean open and mean closed times increased, tiie four R-^K 
substitutions certainly do not impede current flow through the channel, consistent witii 
the undiminished rate of ion flux (Figures A). Significantiy, the AFS08/4RK channels 
had an open probability similar to wild-type CFTR, confirming the activity revealed 
by the rnacroscopic flux m^urements. No tracing is shown for AFS08 CFTR alone 
as we have never been able to detect CFTR-like single channels using vesicles itom 

^ 5 BHK cells expressing this variant. We conclude tiiat the channels observed from 
ZJ^S08/4RK CFTR are entirely due to the maturation that is enabled by the release 
from ER retention "niien the AFTs are sub^ituted. 

The above examples show that substitution of one of the arginmes m each of 
the four AFTs, individually or sunultaneously, permits nascent AFS08 CFTR to 
mature about one-third as efSciently as wild-type CFTR and generates ftuictiomd 
chloride channels at the cell sur&ce. Thus, release of AFS08 CFTR fixmi ER retention 
by interferii^ with recognition of these tripeptide signals may provide the basis of a 
novel therapeutic strategy for cystic fibrosis. 
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It is to be understood that ^ile the invention has been described in 
conjunction with the detailed description thereof^ the foregoing description is intended 
to illustrate and not limit the scope of the mvention, which is defined by the scope of 
the appended claims. Other aspects, advantages, and modifications are withm the 
scope of the following claims. 
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What is daimed is: 

1 . An isolated polypeptide comprising a polypeptide having the sequence 
X1-R-X2-R-X3, wherein Xu and X3 are any amino acid. 

2. Hie polypeptide of claim 1» wherein said polypeptide has at least seven 
? amino acids. 

3. An isolated polypeptide selected from the group consisting of: 
GYRQRLE, EYRYRSV, GQRARIS and QARRRQS. 

4. The polypeptide of claims 1 , 2 or 3, further comprising a 
piiannaceutical formulation. 

3-0 5. An isolated polypeptide having one or more R-X-R sequences, wh^ein 

at least one R of an R-X-R sequence has bem substituted with another amino acid, 
and wherein the substituted polypeptide is exported from the ER in an amount or at a 
rate greater than the unsufastituted polypeptide. 

6- The isolated polypeptide of claim 5, wherein said polypeptide is CFTR. 

7. A polynucleotide encoding tiie pol^^jeptide of claims 1, 2 or 3. 

8. A method for identifymg atiierapeutic agent fcnrtreating cystic fibrosis 
comprising: 

(a) contacting at least one cell expressing an export-incompetent 
CFTR with a test agent under conditions allowmg an interaction between the agent 

^ ^ and a &ctor mediating or contributmg to export-incompetence; and 

(b) deteraiining whether tiie agent increases the amount of said 
CFTR on the cell surface, where an increased amoxmt of CFTR on the cell surface 
identifies a tiierapeutic agent for treating cystic fibrosis. 

9. A method for id^tifying an ^ent that induces or increases transport of 
^ ^ an export-incompetent protein comprising: 

(a) contacting an export-incompetent protein with a test agent 
under conditions allowing an mteraction between the agent and a &ctor mediating or 
contributing to export-incompetence; and 

(b) determining whether the agent increases tiie amount or the rate 
^ P of protein transported, where an increased amount of transported protein identifies an 

agent that induces or increases transport of an export-incompetent protein. 

10. The method of claim 9, wherein said protein is a cell surfece protein. 

11. The method of claim 1 0, wherein said protein is CFTR. 

12. Hie method of claim 9, wherein said protein is a secreted protein. 

^ ^ 13. The method of claim 9, wherein said export-incompetent protein is 

expressed in a cell. 
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14. The method of claim 9, wherein said method is perfonned in vitro. 

15. A method for treating a subject having cystic fibrosis, comprising 
administering to the subject a pharmaceutical formulation comprismg a polypeptide 
having an R-X-R sequence in an amount effective for treating cystic fibrosis. 

^ 1 6. The method of claim 1 5, wherein the X amino acid of the R-X-R 

sequence is not alanine^ asparagine or glutamate. 

1 7. The method of claim 15, wherein said polypq>tide has at least four 
amino acids. 

18. The method of claim 15, wherein said polypeptide has at least seven 
amino acids. 

1 9. The method of claim 15, wherein said poiypq>tide is selected from the 
group consisting of: GYRQRLE, EYRYRSV, GQRARIS and QARRRQS. 

20. A method for treating a subject having cystic fibrosis, comprising 
administering to the subject a pharmaceutical formulation comprising a nucleic acid 
encoding a polypeptide having an R-X-R sequence in an amount effective for treating 
cystic fibrosis. 



15 



21 . A method for treating a subject having or suspected of having a 
physiological disorder associated with an export-incompetent protein, comprising 
administering to the subject a phannaceutical formulation comprising a polypeptide 

^ ^ having an R-X-R sequence in an amount e£kctive for treating a physiological disorder 
associated witii an export-incompetent protein. 

22. The method of claim 21, wherein said physiological disorder or 
condition is selected from the group consisting of: macular dystrophy and Stargardf s 



?^ 23. The method of claim 21, wherein said export-incompetent protein is 

sel»:ted from the group consisting of: ion channels, ABC proteins, growth factors, 
immune regulators, adhesion proteins, hormones, clotting fectors, hemostatic 
regulators and receptors thereof. 

24. The method of claim 21, wherein the X amino acid of the R-X-R 
3 0 sequence is not alanine, asparagine or glutamate. 

25. The meOiod of claim 2 1 , wherein said polypeptide has at least four 
ammo acids. 

26. The me&od of claim 21, wherein said polypeptide has at least seven 
amino acids. 

27. The method of clmm 21, wherein said polypeptide is selected from the 
group consisting of: GYRQRLE, EYRYRSV, GQRARIS and QARRRQS. 

28. A method for inducing or increasing intracellular transport of an 
export-incompetent protein, comprising contacting a cell expressing an export- 
incompetent protein witii a comiK>sition comprising a polypeptide having an R-X-R 
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sequence in an amount sufficient for inducing or enliancing intracellular transport of 
the export-incompetent protein. 

29. The method of claim 28, wherein said protein has an R-X-R sequence. 

30. The method of claim 28, wherein said protein is a cell surface protein. 

^ 31. The method of claim 30, wherein said protein is an e>q}ort-mcompetent 

CFTR. 

32. The method of claim 28, wherein said protein is secreted. 

33. A method for identifying an agent that inhibits or disrupts an 
mteraction between an R-X-R polypeptide and an ER retention factor comprising: 

^ ^ (a) incubating a polypeptide having an R-X-R sequence and an ER 

retention factor under conditions allowing their interaction; 

y (b) adding a test ^ent to said incubation; and 

y (c) detecting binding between said polypeptide and said ER 

retention factor, where decreased bindmg in the presence of tfie test agent identifies an 
15 agent that inhibits or disrupts an interaction between an R-X-R polypeptide and an ER 
retention &ctor. 



34. The method of claim 33, whmin said method is performed in vitro. 

35. The method of claim 33, x;^erein said polypeptide has at least 4 amino 

rJ acids. 

f'l s 

%t 2 0 36 method of claim 33, wherein the X amino acid of the R-X-R 

^1 sequence is not alanine, asparagine or gtutamate. 

37. Hie method of claim 33, wherein said polypeptide is selected from the 
group consisting of: GYRQRLE, EYRYRSV, GQRARIS and QARRRQS. 

38. A method for identifying an ER retention factor comprising: 

^ ^ (a) contacting a composition suspected of containing an ER 

retention &ctor with a polypeptide having an R-X-R sequence under conditions 
allowing interaction between said fector and said polypeptide; and 

(b) detecting binding between said &ctor and said polypeptide, 
thereby identifying an ER retention &ctor. 

^ 39. The melhod of claim 38, ipsiierein sdd mediod is performed in vitro. 

40. The method of claim 38, wherein said polypeptide has at least four 
amino acids. 

4 1 . Hie method of claim 38, wherein said polypeptide has at least seven 
amino acids. 
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42. Hie method of claim 38, wherein said polypeptide is selected from the 
group consisting of: GYRQRLE, EYRYRSV, GQRARIS and QARRRQS. 

43. A method for inhibiting degradation of a protein in a cell comprising 
contactmg a ceii with a polypeptide having an R*X-R sequence in an amount 
sufficient for inhibiting degradation of a cell sur&ce or secreted protein. 

44. The method of claim 43, wherein said protein is a cell sur&ce protein. 

44. The method of claim 43, wherein said protein is secreted. 

45 . A method for detecting the presence of an export-incompetent protein 
in a cell comprising contacting a cell widi a polypeptide having an R»X-R sequence 
and detecting the intracellular transport of tfie protein 

46. The method of claim 45 wherein said intracellular transport is detected 
using an enzyme. 

47. The method of claim 45 wherein said intracellular transport is detected 
by detecting the presence of the protein on the cell surface. 

4S The method of claim 45 wherein said intracellular transport is detected 
by detecting secretion of the protein. 

49. The method of claim 45, wherein said protein is CFTR. 
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